APPENDIX A 



5-0 INSTRUCTION OPERATION 
DETAILS 

5.1 Implied W register Utilization 

Certain W registers have implied utilization in the 
instruction set. W0-W3 are used as the operands for 
DSP instructions. W4-W7 are used as the prefetch 
addresses for DSP instructions. W14 is the frame 
pointer utilized by the LNK and ULNK instructions. 
W15 acts as the stack pointer. 



TABLE 5-1 : IMPLIED W REGISTER 
UTILIZATION 



Register 




WO 


MAC operand; Default Ww 


W1 


MAC operand 


W2 


MAC operand; MULWF product LSB 


W3 


MAC operand; MULWF product MSB 


W4 


MAC prefetch address 


W5 


MAC prefetch address 


W6 


MAC prefetch address 


W7 


MAC prefetch address 


W8 


MAC prefetch offset 


W9 


MAC write back address 


W10 




W11 




W12 




W13 




W14 


Frame Pointer 


W15 


Stack Pointer 



5.2 Default Ww 

WO serves as the default Ww register for file register 
instructions. In this capacity, Ww acts as the W regis- 
ter in C16 and C1 8 compatible instructions. 



5.3 Byte Operations 

When a byte is moved into a W register, the byte is 
written into the LSbyte of the register and the MSbyte 
is left alone. Byte operations on the registers will oper- 
ate on the LSbyte of the register. The MSbyte of the 
register is left alone. For byte operations, the status 
flags will be adjusted to respond to the <7:0> bits of 
the register. For example, the carry bit will originate 
from ALU<7>. When a byte is moved from a W regis- 
ter, the source is the LSbyte and it overwrites the tar- 
get byte in the memory. Other bytes are not affected. 

5.3.1 BYTE OPERATIONS IN BIT 

INSTRUCTIONS - W REGISTERS 

The Bit operation instructions that use the W registers 
can address bytes or words without the requirement 
for a B bit. 

These instructions include BCLR, BSET, BSW.C, 
BSW.Z, BTG, BTST.C, BTST.Z, BTSTS.C, BTSTS.Z, 
BTST.C, BTST.Z 

This works by making the bit field selection look at the 
LSB of the word or byte being addressed by the W 
register. 

If the address of the word or byte LSB is one, then 
zero that LSB and set the MSB of the bit selection 
field. 

WO = 1000 
W1 = 1001 

BCLR W0,#5 ; Clear 5th bit in word 1 000 
BCLR W0,#13 ; Clear 13th bit in word 1000 
BCLR W1 ,#5 ; Clear 5th bit in byte 1 001 , same as 

clear 13th bit in word 1000. 
BCLR W1 ,#13 ; Invalid, same as 

dear 13th bit in word 1000. 



5.4 Using 10-bit literals 



The instructions that have 10-bit literals have byte and 
word modes. For byte instructions, the literal is trun- 
cated at 8 bits, if the user specifies a signed value 
{-128... -1}, the truncated 2's compliment is coded. 
Unsigned values may range from {0 ... 255}. For word 
instructions, the literal is sign extended to 16-bits. 



TABLE 5-2: 10-BIT LITERAL CODING 



Literal 
Value 


If B=0 (Word) 

kk kkkk kkkk 


If B=1 (Byte) 

kk kkkk kkkk 


-512 


10 0000 0000 


n/a 


-511 


10 0000 0001 


n/a 


-129 


11 0111 1111 


n/a 


-128 


11 1000 0000 


11 1000 0000 


-2 


11 1111 1110 


11 1111 1110 


-1 


11 1111 1111 


11 1111 1111 


0 


00 0000 0000 


00 0000 0000 


1 


00 0000 0001 


00 0000 0001 


2 


00 0000 0010 


00 0000 0010 


127 


00 0111 1111 


00 0111 1111 


128 


00 1000 0000 


00 1000 0000 


255 


00 1111 1111 


00 1111 1111 


256 


01 0000 0000 


n/a 


511 


11 1111 1111 


n/a 



5.5 Program Memory Addressing 

Program memory contains a user space and a test 
space. The most significant bit (PMA<23>) of the pro- 
gram memory address selects user / test space. The 
least significant bit (PMA<0>) selects a byte for data 
addressing and table addressing modes. 

Program memory addresses coded into instructions 
are coded in a Iit23 or Slit16 format. 

The Iit23 format encodes a direct address that repre- 
sents PMA<22;0>. PMA<23> is not valid user space 
and is not encoded. 

The Slit16 format encodes an instruction count offset. 
The offset is added to the PC to generate the next 
address. The Slit16 format does not encode the 
PMA<0> bit as it represents an instruction count. The 
Slit16<15> bit is sign extended when added to the PC. 

FIGURE 5-1 : PROGRAM MEMORY 
ADDRESSING 
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FIGURE 5-2: "CALL Iit23" MAP TO PC 
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FIGURE 5-3: "BRA Slit16" MAP TO PC 
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FIGURE 5-4: "GOTOWn" MAP TO PC 
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FIGURE 5-5: "BRAWn" MAP TO PC 
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5.6 Shadows 

Shadow registers are 1 level deep mini-stack registers 
attached to several key user registers. A PUSH.S will 
copy the user registers to the shadows and a POPS 
will copy the shadows back to the user registers. 

Shadow registers are attached to W0...W15, the STA- 
TUS register, and the LCR,LSR,LER registers used by 
DO and REPEAT instructions. 



5.7 MAC 



The MAC instruction is a pipelined instruction. The first 
pipeline stage generates the effective addresses of the 
X and Y data and fetches the X and Y data. The sec- 
ond pipeline stage computes the multiply and accumu- 
late, storing the results into the accumulator. 

5.7.1 FORMS 

The MAC instruction, and variants, can have several 
formats. Fundamentally, it must specify a target accu- 
mulator and a multiplicand and multiplier (ACC=X*Y). 
For Example: 

MAC A,W0*W1 

The MAC can also specify a prefetch for the next X or 
Y operand. The assembler can discriminate the X or Y 
prefetch based on the register used as the indirect 
address. [W4] or [W5] specifies the X prefetch and 
[W6] or [W7] specifies the Y prefetch. If a prefetch is 
specified, it must have a prefetch destination register. 
Legal forms of prefetch include: 

MAC A, W0*W1,W0, [W4] ;X only 
MAC A, W0*W1,W1, [W6] ;Y only 
MAC A, W0*W1,W0, [W4] ,W1, [W6] ;X,Y 

A write back can be specified. The write back uses 
the W9 register as the destination address, in this 
way, the assembler can discern the write back option. 

MAC A,W0*W1, [W9] ;WBack only 
MAC A, W0*W1,W0, [W6] ,W9 ;Y,WBack 
MAC A,W0*W1,W0, [W4], [W9] ;X,Wback 
MAC A,W0*W1,W0, [W4] ,W1, [W6] , W9 

5.7.2 SQUARING OPERATIONS 

Squaring in the DSP engine is done with the square 
PLA opcodes. These are variants of the MAC and 
MPY opcodes. 

For Example: 

MAC B,W0*W0,W0, [W4] , Wl , [W6]+=2,W9 

This instruction will multiply WO time WO and write the 
result in ACCB while doing the prefetch and write 
back. 

The assembler can tell that a MAC or MPY should 
translate to SQRAC or SQR instructions by finding the 
Wm*Wm format. 



5.8 File Registers 

File registers include parts of user RAM area and the 
Special Function Registers (SFR). The file register 
space is 8192 bytes. The file registers are directly 
addressable using the f field in the file register instruc- 
tions. 

All data addresses are byte addresses. When using 
byte instructions, the bytes are addressed directly. 
When using word instructions, the address must be 
word aligned. The least significant address bit must be 
0. 

IGURE 5-6: Data Alignment in Memory 
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| 5.9 Carry and Borrow in PIC 
instructions 

The PIC uses one unified carry and borrow bit, the C 
bit in the status register. The following examples show 
the functionality of the carry / borrow. 



If a normal add generates a carry out of the 15th bit, 
the carry bit is set. 

ADD 1 + 65535 

1 = 0000 0000 0000 0001 
+ 65535 = 1111 1111 1111 1111 



0 = 
C = 
Z = 



0000 0000 0000 0000 



1 
1 

N = 0 
OV = 0 



An add carry will use the carry bit as an additional 
input. If the add generates a carry out of the 1 5th bit, 
the carry bit is set. 

ADDC 1 + 65535, no carry in 

1 = 0000 0000 0000 0001 

+ 65535 = 1111 1111 1111 1111 
C = 0 



0 = 
C = 1 
Z = 1 
N = 0 
OV = 0 



0000 0000 0000 0000 



ADDC 1 + 65535, carry in 

1 = 0000 0000 0000 0001 

+ 65535 = 1111 1111 1111 1111 
C = 1 



0 = 0000 0000 0000 0001 
C = 1 
Z = 0 
N = 0 
OV = 0 



A subtract instruction inverts the bits of the subtra- 
hend, forces the carry in to 1 and does an add. This 
has the effect of generating the 2's compliment of the 
subtrahend. If the add generates a carry out of the 
15th bit, the carry bit is set. Howeve r, in the ca se of a 
subtract, the carry bit is viewed as a BORROW bit. So 
a 1 in the carry bit indicates no borrow. A 0 in the carry 
bit indicates a borrow. 



Subtracting 3 - 2 generates no borrow, so the C bit is 
1. 



0000 0000 0000 0011 
1111 1111 1111 1101 

1 



SUB 3 - 


2 




3 






+ not 2 






C 






1 






C 




1 


Z 




0 


N 




0 


OV 




0 



0000 0000 0000 0001 



Subtracting 3 - 3 generates no borrow, so the C bit is 
1 . The Z bit indicates a zero result. 



SUB 3-3 
3 = 

+ not 3 = 
C = 



0000 0000 0000 0011 
1111 1111 1111 1100 

1 



0 = 0000 0000 0000 0000 
C = 1 
Z = 1 
N = 0 
OV = 0 

Subtracting 2 - 3 generates a borrow, so the C bit is 0. 
The N bit indicates a negative result. 



SUB 2 - 


3 












2 






0000 


0000 


0000 


0010 


+ not 3 






1111 


1111 


1111 


1100 


C 












1 


-1 






1111 


1111 


1111 


1111 


C 




0 










Z 




0 










N 




1 










OV 




0 











A subtract with borrow instruction inverts the bits of the 
subtrahend, leaves the carry at its previous state and 
does an add. This has the effect of generating t he 2's 
comp liment of the subtrahend while inputing a BOR- 
ROW bit. 



Subtract / borrow 3 - 2 with no borrow in generates no 
borrow, so the C bit is 1 . 



SUBB 3 



2 , no borrow in 



3 






0000 


0000 


0000 


0011 


+ not 2 






1111 


1111 


1111 


1101 


C 












1 


1 






0000 


0000 


0000 


0001 


C 




1 










Z 




0 










N 




0 










OV 




0 











Subtract / borrow 3-2 with borrow in generates no 
borrow, so the C bit is 1 . The result is 0, so the Z bit is 
set. 



SUBB 3-2, 
3 = 

+ not 2 = 
C = 

0 = 
C = 3 
Z = J 
N = C 
OV = C 



borrow in 

0000 0000 0000 0011 
1111 1111 1111 1101 
0 

0000 0000 0000 0000 



Subtract / borrow 2 - 3 with borrow in generates a bor- 
row, so the C bit is 0. The N bit indicates a negative 
result. 

SUBB 2 - 3 , borrow in 

2 = 0000 0000 0000 0010 

+ not 3 = 1111 1111 1111 1100 
C = 0 



-2 
C 
Z 
N 

OV 



1111 1111 1111 1110 



5.10 Overflow Conditions 



5.11 Branch Conditions 



When doing 2's compliment mathematics, the OV flag 
indicates an overflow. When doing multi-word math, 
the overflow is ignored until the most significant opera- 
tion. 



SUB 32760 - -32768 

32760 = 0111 1111 1111 1000 

+ not 32768 = 0111 1111 1111 1111 

C = 1 



1111 1111 1111 1000 



C = 0 
Z = 0 
N = 1 
OV = 1 



SUB -32760 - 32767 

- 32760 = 1000 0000 0000 1000 

+ not 32767 = 1000 0000 0000 0001 

C = 1 



10 = 
C = 
Z = 
N = 

OV = 



0000 0000 0000 1010 



Conditional branch instructions are valid after compare 
or subtract instructions. The compare is minuend-sub- 
trahend and the condition tests are in the same order. 
For example, BGT will be true if the minuend is greater 
than the subtrahend or (minuend > subtrahend). 



TABLE 5-3: B 


RANCH CONDITIONS 


Instruction 


Status Test 


BRA C,Slit16 


C 


BRA GE,Slit16 


(N&&OV) II (N&&OV) 


BRA GEU,Slit16 


c 


BRA GT,Slit16 


(Z&&N&&OV) II (Z&&N&&OV) 


BRA GTU,Slit16 


C&&Z 


BRA LE,Slit16 


Z II (N&&OV) II (N&&OV) 


BRA LEU,Slit16 


C HZ 


BRA LT,Slit16 


(N&&OV) II (N&&OV) 


BRA LTU,Slit16 


C 


BRA N,Slit16 


N 


BRA NC,Slit16 


C 


BRA NN,SIit16 


N 


BRA NOV,Slit16 


OV 


BRA NZ,Slit16 


z 


BRA OV,Slit16 


OV 


BRA 2,Slit16 


z 



TABLE 5-4: EXAM PL 


E BRANCH COMPAR 


tISON TESTS 


Minu 


Subtr 




'"z 


N. 


py 


LT 


LTU 


LE 


LEU 


GE 


GEU 


GT 


GTU 


3 


2 


1" 


0 


o : 




0 


0 


0 


0 


1 


1 


1 


1 


3 


3 




: 1 


o : 


.::,o., : ,: 


0 


0 


1 


1 


1 


1 


0 


0 


2 


3 










1 


1 


1 


1 


0 


0 


0 


0 


32760 

-or- 

32760 


-32768 
32768 




: 0 ' 






0 


1 


0 


1 


1 


0 


1 


0 


-32760 

-or- 

32776 


32767 
32767 




.y ■ 


0 


1 


1 


0 


1 


0 


0 


1 


0 


1 



5.12 Stack operation 

The dsPIC stack is a software stack implemented in 
user RAM area. While the device has provisions to 
allow pointer manipulation on any of the 16 W regis- 
ters, W15 is the assumed stack pointer. 

The stack starts at lower memory and grows towards 
high memory. The stack pointer points to the next 
available location. The stack pointer is manipulated 
with the source and destination addressing modes as 
shown in Table 1-7 and Table 1-8. 

A push is MOV wo , [wis ] ++ . 

A pop is MOV [W15--],W0 . 



Stack Pointer after Push 

MOV Wl, [W15] ++ 









W 1 5-> 




OOOOh 
EOOOh 

FFFEh 




5A5Ah 


3636h 












W15 = E004h 






WO =5A5Ah 






W1 =3636h 





Stack Pointer at Initialization 









W15-> 




OOOOh 
EOOOh 

FFFEh 


















W15 = EOOOh 






WO =5A5Ah 






W1 =3636h 





Stack Pointer after Push 

MOV WO, [W15] ++ 









W15-> 




OOOOh 
EOOOh 

FFFEh 




5A5Ah 














W15 = E002h 






WO =5A5Ah 






W1 = 3636h 





Stack Pointer after Pop 

MOV [W15--] ,W3 



W15-> 



05A5Ah 



03636h 



W15 = E002h 
03636h -> W3 



OOOOh 



FFFEh 



5.13 Multi-word Move operations 



The multi-word move instructions manipulated with the 
source and destination addressing modes as shown in 
Table 1-7 and Table 1-8. 



FIGURE 5-7: MOV.D OPERATION 
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Post operation ptr for [Wn- 



Initial Pointer Indirect Address 



Post operation ptr for [Wn++] 



TABLE 5-5: STDW OPERATION 



Instr. 
Cycle 


Ws 


[Ws] 


[Ws++] 


[Ws-] 


[Ws]++ 


[Ws]- 


Ql 




Ws=Ws+2 


Ws=Ws+6 


Ws=Ws-2 






Q2 


W(nd)-^Ws 


W(nd+l)->(Ws) 


W(nd+l)->(Ws) 


W(nd+l)->(Ws) 


W(nd)-»(Ws) 


W(nd)->(Ws) 












Ws=Ws+2 


Ws-Ws+2 


Q3 
Q4 


W(nd+l)->W(s+l) 


Ws=Ws-2 
W(nd)-»(Ws) 


Ws=Ws-2 
W(nd)->(Ws) 


Ws=Ws-2 
W(nd)^(Ws) 


W(nd+l)->(Ws) 
Ws=Ws+2 


W(nd+l)->(Ws) 
Ws=Ws-6 



TABLE 5-6: LDDW OPERATION 



Instr. 
Cycle 


Ws 


[Ws] 


[Ws++] 


[Ws-] 


[Ws]++ 


[Ws]- 


Ql 




Ws=Ws+2 


Ws=Ws+6 


Ws=Ws-2 






Q2 


Ws->W(nd) 


(Ws)->W(nd+l) 


(Ws)->W(nd+l) 


(Ws)->W(nd+l) 


(Ws)->W(nd) 


(Ws)->W(nd) 












Ws=Ws+2 


Ws=Ws+2 


Q3 
Q4 


W(s+l)H>W(nd+l) 


Ws=Ws-2 
(Ws)->W(nd) 


Ws=Ws-2 
(Ws)->W(nd) 


Ws=Ws-2 
(Ws)->W(nd) 


(Ws)->W(nd+l) 
Ws=Ws+2 


(Ws)->W(nd+l) 
Ws=Ws-6 



FIGURE 5-8: MOV.Q OPERATION 
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Post operation ptr for [Wn~] 



Initial Pointer Indirect Address 



Post operation ptr for [Wn]++ 



Post operation ptr for [Wn++] 



TABLE 5-7: STQW OPERATION 



Instr. 
Cycle 


Ws 


[Ws] 


[Ws++] 


[Ws--] 


[Ws]++ 


[Ws]- 


Qi 
Q2 


W(nd)->Ws 


Ws=Ws+6 
W(nd+3)->(Ws) 


Ws=Ws+14 
W(nd+3)->(Ws) 


Ws=Ws-2 
W(nd+3)->(Ws) 


W(nd)->(Ws) 
Ws=Ws+2 


W(nd)-»(Ws) 
Ws=Ws+2 


Q3 
Q4 


W(nd+l)->W(s+l) 


Ws=Ws-2 
W(nd+2)->(Ws) 


Ws=Ws-2 
W(nd+2)-»(Ws) 


Ws=Ws-2 
W(nd+2)-»(Ws) 


W(nd+l)-»(Ws) 
Ws=Ws+2 


W(nd+l)->(Ws) 
Ws=Ws+2 


QI 
Q2 


W(nd+2)->W(s+2) 


Ws=Ws-2 
W(nd+l)H>(Ws) 


Ws=Ws-2 
W(nd+l)-»(Ws) 


Ws=Ws-2 
W(nd+l)->(Ws) 


W(nd+2)->(Ws) 
Ws=Ws+2 


W(nd+2)->(Ws) 
Ws=Ws+2 


Q3 
Q4 


W(nd+3)->W(s+3) 


Ws=Ws-2 
W(nd)->(Ws) 


Ws=Ws-2 
W(nd)->(Ws) 


Ws=Ws-2 
W(nd)-»(Ws) 


W(nd+3)^(Ws) 
Ws=Ws+2 


W(nd+3)->(Ws) 
Ws=Ws-14 



TABLE 5-8: LDQW OPERATION 



Instr. 
Cycle 


Ws 


[Ws] 


[Ws++] 


[Ws--] 


[Ws]++ 


[Ws]- 


Ql 
Q2 


Ws->W(nd) 


Ws=Ws+6 
W(s+3)->W(nd+3) 


Ws=Ws+14 
W(s+3)->W(nd+3) 


Ws=Ws-2 
W(s+3)->W(nd+3) 


W(nd)->(Ws) 
Ws=Ws+2 


W(nd)^(Ws) 
Ws=Ws+2 


Q3 
Q4 


W(s+l)-»W(nd+l) 


Ws=Ws-2 
W(s+2)~>W(nd+2) 


Ws=Ws-2 
W(s+2)~>W(nd+2) 


Ws=Ws-2 
W(s+2)->W(nd+2) 


W(s+l)-»W(nd+l) 
Ws=Ws+2 


W(s+l)-»W(nd+l) 
Ws=Ws+2 


Ql 
Q2 


W(s+2)->W(nd+2) 


Ws=Ws-2 
W(s+l)-»W(nd+l) 


Ws=Ws-2 
W(s+l)-»W(nd+l) 


Ws=Ws-2 
W(s+l)-»W(nd+l) 


W(s+2)->W(nd+2) 
Ws=Ws+2 


W(s+2)->W(nd+2) 
Ws=Ws+2 


Q3 
Q4 


W(s+3)->W(nd+3) 


Ws=Ws-2 
Ws->W(nd) 


Ws=Ws-2 
Ws->W(nd) 


Ws=Ws-2 
Ws->W(nd) 


W(s+3)->W(nd+3) 
Ws=Ws+2 


W(s+3)->W(nd+3) 
Ws=Ws-14 



5.14 Link and Unlink Instructions 



SUBR: LNK 2 ; Allocate 2 words 



The link and unlink instructions assume that W15 is a 
stack pointer and W14 is a frame pointer. 

The link instruction is used during a calling sequence. 



The LNK instruction will push the calling routines FP 
onto the stack. The new FP will be set to point to the 
current stack pointer. Then the literal is subtracted 
from the stack pointer which reserves the amount of 
memory allocated. 



FIGURE 5-9: STACK AT BEGINNING OF 
CALLING SEQUENCE 
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OOOOh 



FFFFh 



Before calling the subroutine, the parameters of the 
routine are pushed on the stack. 

PUSH WO ;Push parameter 1 

PUSH Wl ;Push parameter n-1 

PUSH W2 ;Push parameter n 
CALL SUBR 

FIGURE 5-10: STACK AT ENTRY TO 
ROUTINE 



(Caller's FP) W14-> 



W15-> 
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FIGURE 5-11: 



STACK AFTER LNK 
INSTRUCTION 
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Parameter n-1 
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Return Address 




W14-> 


Caller's FP 






Temp 1 






Temp 2 




W15-> 
















FFFFh 





Inside of the routine, the stack is used to save values. 
[W14+n] will access the Temp locations used by the 
routine. [W14-n] is used to access the parameters. 

At the end of the routine, the ULNK instruction will 
copy the FP to the stack pointer then POP the callers 
FP back to the FP. 

ULNK ; De-allocate frame 

This returns the stack back to the state in Figure 5-10. 

A return instruction will return to the caller. The caller 
is responsible for removing the parameters from the 
stack. 



RETURN 
POP W2 
POP Wl 
POP WO 



; Unload parameter 1 
; Unload parameter n-1 
; Unload parameter n 

This returns the stack back to the state in Figure 5-9. 



5.1 5 Multi-word Shift Instructions 

The multi word shift instructions rely on additional spe- 
cial registers. The CARRY1 and CARRYO registers 
hold the temporary values of the shift. 

5.15.1 32-BIT LEFT SHIFTS 

The multi-word left shift instructions utilize the shifter 
associated with the ACCn registers. The instruction 
can shift 0 to 31 positions. Although the shifter can 
only implement shifts of up to 15 positions to the left, 



by rearranging the storing into the destination registers 
an apparent shift of 31 positions may be obtained. 
Figure 5-12 provides an example where the shift 
amount is 15 or less. The Wnd destination register is 
aligned with the source and the CARRYO register con- 
tains the shift out results. The CARRY1 register is 
unused and remains cleared. When the next 16-bit 
word is shifted, the results are OR'ed with the contents 
of the CARRYO register, providing the shift in from the 
previous shift. The SUMK instruction may be repeated 
for each 16-bit segment of the multi-word shift. 



j FIGURE 5-12: Multi-Word Left Shift by 4 Instruction Execution 



SL Wb,4,Wnd 



Load 



Shift 



Store 



MSL Wb,4,Wnd 



Load 



Shift 



Or 

CARRY1/CARRY0 
Store 



Wb 



disdi4di3di2 dndiodogdoa dozdoedosdcw do3do2doidoo 



Shift In 0 0 0000000000000000000000 di5dudi3di2 dndiodogdoa d07d06dosdot do3d02doidoo| 




Shift Out 00000000000000000000 disdi4di3di2 dndiodogdoa do7do6dosdo4 d03d02doidoo 0 0 0 0 I 



|0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o|o 0 0 0 0 0 C 0 0 0 H di5di4di3di2jdndiodQ9d03 <to7dO6d05dO4 d03d02doidoo 0 0 0 0 

CARRY1 CARRYO Wnd 



Wb 



d3ld30d29d28 d27d26d25d24 d23d22d2ld20 dl9dl8dl7dl6 



Shift BUS |00000000O00000000000Q00O d31d30d29d28 d27d26d25d24 d23d22d21d20 dl9dl8dl7dl6| 




Shift BUS jOOOOOOOOOOOOOOOOOOOO d3ld30d29d28 d27d26d25d24 d23d22d2ld20 di9di8di7die 0 0 0 0 I 



I I I I I I 



I I I I I I I I — ! I I I I I I ! I I I I I I I I 



m i it t u n u i iu 1 1 1 n 1 1 1 1 1 n t n 

0 0000000000 OOOOOloOOOOOOOOOOO di5dudi3di2l 



|OOOOOOOOOO0OO00 o 1 0 0 



0000000000 d3ld30d29d28 d27d26d25d24 d23d22d2ld20 d!9dl6dl7dl6 dl5d!4dl3dl2 



CARRY1 



CARRYO 



Wnd 



I 



Figure 5-1 3 provides an example where the shift 
amount is 16 or more. Here, the Wnd destination reg- 
ister is aligned to the right of the source, CARRYO is 
aligned with the source and the CARRY1 register con- 
tains the shift out results. When the next 16-bit word is 
shifted, the results are OR'ed with the contents of the 
CARRY1 and CARRYO register, providing the shift in 



from the previous shift. The SLMK instruction may be 
repeated for each 16-bit segment of the multi-word 
shift. 

Note the shifter is shifting (20-16), making the shift 
equivalent to the previous example. When the instruc- 
tion detects a shift value greater than 1 5, it is only nec- 
essary to realign the result registers and perform a 
smaller shift. 



FIGURE 5-13; Multi-Word Left Shift by 20 Instruction Execution 



SL Wb,20,Wnd 



Load 



Wb 



di5di4di3di2 dndiod09d08 d07d06dosd04 do3do2doidoo 



Shift InOOOOOOOOOOOOOOOOOO 0 0 0 0 0 0 di5di4di3di2 diidiod09doe do7do6dosdo4 d03d02doidooj 



Shift 



Store 




Shift Out [00000000000000000000 di5dudi3di2 dndiodoedos d07d06dosd04 dosdoadoTdoo 0 0 0 0 | O000OOOOO000O000 



0OO000000000 disdi4di3di2 dndiod09do8 do7d06d05d04 d03doadoidoo OOOOOOOOOOOOOOO 0000 



CARRY1 



CARRYO 



Wnd 



MSL Wb,20,Wnd 



Load 



Wb 



d3ld30d29d28 d27d26d25d24 d23d22d2ld20 dt9dl8dl7dl6 



Shift 111 |000000000000000000000000 d3ld30d29d28 d27d26d25d24 d23d22d2ld20 dl9dl8dl7dl6| 



Shift 




Shift Out |O000O000OQ000O000000 d3id30d29d28 d27d26d25d24 d23d22d2id20 di9d-i6di7di6 0 0 0~0 



Or 

CARRY1 /CARRYO 
Store 



~i — i — i — r~i — i — i — r 



O000000O000O di5di4di3di2 



|0 0 0 0 0 0 0 0 0 0 0 0 d3ld30d29d28|d27d26d25d24 d23d22d2ld20 dl9dlBdl7dl6 dl5dl4dl3dl2| 



diidiodogdoB d07d06d05dw do3do2doidoo 0 0 0 0 



diidiod09doe d07doed05d04 d03d02doidoo 0 0 0 0 



CARRY1 



CARRYO 



Wnd 



5.15.2 32-BIT RIGHT SHIFTS 

The multi-word right shift instructions are similar to the 
left shifts. Figure 5-14 provides an example where the 
shift amount is 15 or less. The Wnd destination regis- 
ter is aligned with the source and the CARRY1 register 
contains the shift out results. The CARRYO register is 



unused and remains cleared. When the next 16-bit 
word is shifted, the results are OR'ed with the contents 
of the CARRY1 register, providing the shift in from the 
previous shift. The SLMK instruction may be repeated 
for each 1 6-bit segment of the multi-word shift. 



FIGURE 5-14: Multi-Word Right Shift by 4 Instruction Execution 



ASR Wb,4,Wnd 



Load 



Wb 



CGld30d29d28 d27d26d2Sd24 d23d22d2ld20 di9diadi7die 



Shift If! 00000000 Cl3ld30d29d2B d27d26d25d24 d23d22d2ld20 dl9diadl7dl6 0OO0O000O 0 0 0 0 0 0 0 I 



Shift 



Shift Out 0 0 0 0 0 0 0 0 d3id3idaid3i d3id30d29d28 d27d26d2Sd24 d23d22d2id20 di9di8di7die 000000000000 




Store 



|d3ld3ld3ld31 d3ld30d29d23 d27d26d25d24 d23d22d2ld2ojdl9dl8dl7dl6 0 0 0 0 0 0 0 0 0 0 0 0|Q 0 Q 0 000 0 00 0 0 00 0 oj 



Wnd 



CARRY1 



CARRYO 



MSR Wb,4,Wnd 



Load 



Wb 

jdi5di4di3di2 diidiod09do3 d07do6do5d04 do3da2doidooj 



Shift in |00000000 disdi4di3di2 dndiod09doa d07d06d05do4 doactadoidoo OOOOOOOOOOOOOOOO 




Shift 



Shift Out ioOOOOOOOOOOO di5di4di3di2 diidiod09d08 d07dO6dO5dO4 dosdoedoidoo OOOOOOOOOOOOl 

1 I i I I I I I I [ I I I I I I I I I I I I I I I I I I I I I I 

car ryi /car ryo . H H H H U M M H . H U H U H H U H , 

UAnnYI/UAnnYU di9diadi7die OOOOOOOOOOOOOOOOOOOOOOOOOOOO 



Store 



di9di8di7die disdi4di3di2 dndiodo9dos d07dosdosdo4 do3do2doidoo OOOOOOOOOOOOOOOOOOOOOOOOOOO 



Wnd 



CARRY1 



CARRYO 



Figure 5-1 5 provides an example where the shift 
amount is 16 or more. Here, the Wnd destination reg- 
ister is aligned to the left of the source, CARRY1 is 
aligned with the source and the CARRYO register con- 
tains the shift out results. When the next 1 6-bit word is 
shifted, the results are OR'ed with the contents of the 
CARRY1 and CARRYO register, providing the shift in 



from the previous shift. The SLMK instruction may be 
repeated for each 16-bit segment of the multi-word 
shift. 

Note that the examples given show arithmetic shifts. If 
logical shifts are used, zeros would replace the sign 
bits. 



FIGURE 5-15: Multi-Word Right Shift by 20 Instruction Execution 



ASR Wb,20,Wnd 



Load 



Shift 



Store 



MSR Wb,20,Wnd 



Load 



Shift 



Or 

CARRY1 /CARRYO 
Store 



Wb 



d3ld30d29d28 d27d26d25d24 d23d22d2ld20 dl9dl8d"l7dl6 



Shift In 0OO0O000 d31d30d29d28 d27d26d25d24 d23d22d2ld20 d19dl8dl7dl6 OOOOOOOOOOOOOOOOl 



Shift Out 00000000 dsidsids-idsi d3idaod29d28 




d23d22d2id20 di9diadi7di6 0000000 00000 



d3id3id3id3i d3id3id3id3i dsid3id3id3i ds-idstdsidst daidaidaidai cteidaocteadaa d27d26d2Sd24 d23d22d2id2a di9diadi7die 000000000000 



Wnd 



CARRY1 



CARRYO 



Wb 



disdi4di3di2 dndiod09doa dO7doedO5d04 d03d02d<ndoo 



Shift In 00000000 disdi4di3di2 dndiod09doa do7do6dosdo4 do3do2doidoo 0000000000000000 




Shift Out OOOOOOOOOOOO disdi4di3di2 dndiod09dt>8 d07d06dosdo4 cto3do2doidoo OOOOOOOOOOOO 

1 I I I I j I I [ I I I I I , 



nintiHnutti 



d3ld3ld3"ld31 d3ld30d29d28 d27d26d25d24 d23d22d2ld20 di9diadi7die OOOOOOOOOOOO 



jdaid3id3id3i d3id30d29d28 d27d26d25d24 d23d22d2id2o|di9diadi7di6 di5di4di3di2 diidiock»d(M do7d06dosdo4|do3do2doidoo 0 OOOOOOOOOOO 



Wnd 



CARRY1 



CARRYO 



5.15.3 16-BIT SHIFTS 

The ASR, LSR and SL instructions allow for shifts of 
16-bit words. The shift value should be limited to 15 
positions by the user for useful results. 

5.15.4 MULTI-WORD SHIFTS ON WORDS 
LONGER THAN 32 BITS 

The MSL and MSR instructions allow for shifts of 
words greater than 32 bits. This may be useful for IP 
addresses or encription keys. 

Note that the shift is still limited up to 31 positions. 



For example, to shift a 64 bit word: 

W3...W0 - source word (ms...ls) 
W7...W4 - destination word (ms...ls) 
W8 - shift value (0..31) 
Code: LSR W3,W8,W7 
MSR W2.W8.W6 
MSR Wl , W8 , W5 
MSR WO , W8 , W4 



5.15.5 MULTI-WORD ROTATES 

Because the CARRY registers are readable, the 
multi-word shift instructions may be used for rotates. 



For example, to left rotate a 16 bit word: 

Wl - source word 

WO - destination word (default Ww) 
W8 - rotate value (0..15) 
Code: SL Wl,W8,W0 
IOR CARRY0,Ww 

For example, to left rotate a 32 bit word: 
W1...W0 - source word (ms...ls) 
W3...W2 - destination word (ms...ls) 
W4 - rotate value (0..31) 
W5,W6 - temporaries 
Code: SL W0,W4,W2 
MSL Wl , W4 , W3 
MOV CARRY0,W5 
MOV CARRYl , W6 
IOR W5,W2,W2 ;carryO+dest (Is) 
IOR W6,W3,W3 ;carryl+dest (ms) 



Using the MSL and MSR instructions, rotates of 
greater word lengths may be achieved. 



5.16 DSP Data Formats 

5.16.1 INTEGER AND FRACTIONAL DATA 

The dsPIC DSP core supports integer and fractional 
data operations. Data format selection is made by the 
IF bit in the DSP control register CORCON<0>. Set- 
ting this bit to "1" selects integer mode; setting this bit 
to "0" selects fractional mode. 

Integer data is inherently represented as a signed 
two's-complement value, where the MSB is defined as 
a sign bit. Generally speaking, the range of an N-bit 
two's complement integer is -2 N_1 to 2 N_1 -1. For a 
16-bit integer, the data range is -32768 (0x8000) to 



32767 (0x7FFF), including 0 (see Figure 1). For a 
32-bit integer, the data range is -2,147,483,648 
(0x8000 0000) to 2,147,483,645 (0x7FFF FFFF). 

When the dsPIC is in fractional mode, data is repre- 
sented as a two's complement fraction where the MSB 
is defined as a sign bit and the radix point is implied to 
lie just after the sign bit (Q1 .X format). The range of an 
N-bit two's complement fraction with this implied radix 
point is -1.0 to (1-2 1_N ). For a 16-bit fraction, the 
Q1.15 data range is -1.0 (0x8000) to 0.999969482 
(0x7FFF), including 0 (see Figure 1) and has a preci- 
sion of 3.01 51 8x1 0" 5 . In fractional mode, the 16x16 
dsPIC multiplier generates a Q1 .31 product which has 
a precision of 4.65661 x10" 10 . 



| FIGURE 5-16: 16-BIT INTEGER AND FRACTIONAL MODES 
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5.16.2 SUPER SATURATION MODE 



The SATMOD bit, CORCON<3>, enables Super Satu- 
ration mode and expands the dynamic range of the 
accumulators by using 8 guard bits. When the SAT- 
MOD bit is set to "1", Super Saturation mode is 
enabled and the 40-bit accumulators support an inte- 
ger range of -5.498x1 0 11 (0x80 0000 0000) to 
5.498x1 0 11 (0x7F FFFF FFFF). In fractional mode, the 
guard bits of the accumulator do not modify the loca- 
tion of the radix point and the 40-bit accumulators use 
Q9.31 fractional format. Note that all fractional opera- 
tion results are stored in the 40-bit accumulator justi- 
fied with a Q1.31 radix point. As in integer mode, the 
guard bits merely increase the dynamic range of the 
accumulator. Q9.31 fractions have a range of -256.0 
(0x80 0000 0000) to (256.0 - 4.65661 x10" 10 ) (0x7F 
FFFF FFFF). See Section 2.3.3 of the Core DOS for a 
description of the dsPIC overflow and saturation 
modes. 



5.17 Scaling and Normalizing With 
FBCL Instruction 

To minimize quantization errors that are associated 
with data processing using DSP instructions, it is 
important to utilize the complete available resolution of 
the dsPIC register set. This may require scaling data 
up to avoid underflows (i.e., when processing data 
from a 12-bit ADC) or scaling data down to avoid over- 
flows (i.e., when sending data to a 10-bit DAC). The 
scaling which must be performed to minimize quanti- 
zation errors depends on the dynamic range of the 
input data which is operated on, and the requirements 
of the dynamic range of the output data. At times 
these conditions may be known apriori and fixed scal- 
ing may be employed. Other times, scaling conditions 
may be not be fixed or known, and then dynamic scal- 
ing must be used to process data. 



The Find First Bit Change Left (FBCL) instruction can 
effeciently be used to perform dynamic scaling. The 
FBCL function determines the exponent of the byte or 
word which it operates on (namely the amount which 
the value may be shifted before overflowing), and 
stores the exponent such that it may be used to later 
scale the value by shifting. The exponent is deter- 
mined by detecting the first bit change starting from 
the sign bit and working towards the LSB. Table 5-9 
shows data with various dynamic ranges, their expo- 
nents, and the value after scaling each data to maxi- 
mize the dynamic range. 



TABLE 5-9: SCALING EXAMPLES 



Data 
Value 


Exponent 


Scaled Value for Max Dynamic Range 

\Uaia vaiue « cxpunenij 


0x0001 


14 


0x4000 


0x0002 


13 


0x4000 


0x0004 


12 


0x4000 


0x0100 


6 


0x4000 


0x0101 


6 


0x4040 


0x01 FF 


6 


0x7FC0 


0x0806 


3 


0x4030 


0x2007 


1 


0x400E 


0x4800 


0 


0x4800 


0x7000 


0 


0x7000 


0x8000 


0 


0x8000 


0x900A 


0 


0x900A 


0xE001 


2 


0x8004 


0xFF07 


7 


0x8380 


OxFFFF 


0 


OxFFFF* 


*A "hole" where FBCL fails to detect the correct exponent 



As a practical example, assume that block processing 
is performed on a sequence of data with very low 
dynamic range stored in Q1.15 fractional format. To 
minimize quantization errors, the data may be scaled 
up to prevent any quantization loss which may occur 
as it is processed. The FBCL instruction can be exe- 
cuted on the sample with the largest magnitude to 
determine the optimal scaling value for processing the 
data. Note that scaling the data up is performed by left 
shifting the data (see Section 2.2 of the Core DOS for 
a description of the Barrel Shifter). 

This is demonstrated with the code snippet below. 



; assume WO contains the largest absolute value of the data block 
; assume W4 points to the beginning of the data block 
; assume the block of data contains BLOCK_SIZE words 

; determine the exponent to use for scaling 
FBCL WO, W2 ; store exponent in W2 

; scale the entire data block by the optimal amount before processing 
DO SCALE_LOOP, BL0CK_SI2E 

MOV [W4], Wl ; move the next data sample to Wl 
SLW Wl, W2, W3 ; shift Wl by W2 bits and store to W3 
SCALE_LOOP : 

MOV W3, [W4]++ ; store scaled input (overwrite original) 

; now process the data 

; (processing block goes here) 



5.18 Accumulator Normalization With 
FBCL 

The process of scaling a quantized value for its maxi- 
mum dynamic range is known as normalization (the 
data in the third column in Table 5-9 contains normal- 
ized data). Accumulator normalization is a technique 
used to ensure that the accumulator is properly 
aligned before storing data from the accumulator, and 
the FBCL instruction facilitates this function. 

The two 40-bit accumulators each have 8 guard bits 
which expand the accumulator from Q1.31 to Q9.31 
when operating in Super Saturation mode (see Sec- 
tion 1.1). Even in Super Saturation mode the Store 
Accumulator (SAC) instruction only stores 16-bit data 
(in Q1. 15 format) from ACC<31:16>. 



assume an operation in ACCA has just completed (status bits are intact) 
assume the processor is in super saturation mode 
assume W4 points to the ACCA guard byte (0x44) 
assume W5 points to the ACCA high word (0x42) 



Proper data alignment for storing the contents of the 
accumulator may be achieved by scaling the accumu- 
lator down if the guard bits are in use, or scaling the 
accumulator up if all of the accumulator high bits are 
not being used. To perform such scaling, the FBCL 
instruction must operate on the guard bits in byte 
mode and it must operate on the high accumulator in 
word mode. If a shift is required, the ALU's 40-bit 
shifter is employed using the SFTAC instruction to per- 
form the scaling. Listed below is a code snippet for 
accumulator normalization. 



BOA FBCL_GUARD; if overflow we right shift 
FBCL_HI : 

FBCL [W5], WO ; extract exponent for left shift 

BRA SHIFT_ACC ; branch to the shift 
FBCL_GUARD : 

FBCL . B [W4], WO ; extract exponent for right shift 

ADDLS.B WO , 8, WO ; adjust the sign for right shift 
SHIFT_ACC : 

SFTAC WO ; shift the accumulator to normalize 



<code assumes that negative values are returned by FBCL to facilitate scaling up> 



5.19 DO operations 



The DO instructions implement simple looping. The 
instruction will execute a set of instructions a certain 
number of times. The loop count is selected with a 
constant or a W register. The loop will be executed 
n+1 times. For a W register, only the LS 14-bits are 
significant. The DO instruction loads the LSR register 
with the value of the PC after the DO instruction. It 
adds the loop offset to that PC and loads that value to 
the LER register. It then continues to execute code 
starting with PC+2 until the PC matches the LER. 
When PC matches LER, the loop count is compared to 
negative, if not, the PC is loaded with the LSR value to 
branch back to the loop start. The loop count is decre- 
mented. 

When the loop count compares negative, the next 
sequential instruction executes. 

The instructions in the loop need not be consequtive. 



FIGURE 5-17: DO OPERATION 



W0=2 
LCR=2 
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FIGURE 5-18: DO OPERATION 
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NOP 
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6-0 INSTRUCTION DESCRIPTIONS 

The following instruction descriptions are sorted alpha- 
betically. They are sorted and indexed by the "PLA 
mnemonic". 

Each description lists the "PLA mnemonic" as the 
header. The assembly syntax lists the "assembler mne- 
monic" and then all of the variations of the parameters 



as optional fields. The operands, a short description of 
the operation and the status affected follow. The bit 
encoding is listed. A detailed verbal description 
describes the operation of the instruction. Examples 
are shown for each of the major operand variants. 

Table 6-1 lists the symbols used in the instruction 
descriptions. 



TABLE 6-1 : SYMBOLS USED IN ROADRUNNER OPCODE DESCRIPTIONS 



Field 


Description 


{ ) 


Optional field or operation 


[text ] 


Means "the location addressed by text" 


( text ) 


Means "content of text" 


#text 


Means literal defined by "text" 


textl £ {text2, text3, ...} 


textl must be in the set of text2, text 3, ... 


none 


field does not require an entry, may be blank 


{label: } 


Optional Label name 


label 


Translates to a literal representing the location of the label name 


<n:m> 


Register bit field 


litl 


1-bit unsigned literal e {0,1} 


lit4 


4-bit unsigned literal e {0...15} 


lit5 


5-bit unsigned literal e {0...31} 


Slits 


5-bit signed literal e {-16. ..15} 


SlitlO 


10-bit signed literal e {-51 2.. .511} 


litl4 


14-bit unsigned literal e {0... 16384} 


litl6 


16-bit unsigned literal e {0... 65535} 


Slitl6 


16-bit signed literal e {-32768... 32767} 


lit23 


23-bit unsigned literal e {0... 8388608}; LSB must be 0 


bit3 


3-bit bit selection field (used in byte addressed instructions) e {0...7} 


bit4 


4-bit bit selection field (used in word addressed instructions) e {0...15} 


.w 


Word mode selection (default) 


.b 


Byte mode selection 


.S 


Shadow register select 


f 


File register address e {0000h...1FFFh} 


d 


File register destination d e {Ww, none} 


Ww 


Default W working register (used in file register instructions) 


Wn 


One of 16 working registers e {W0..W15} 


Wns 


One of 16 source working registers e {W0..W15} 


Wnd 


One of 16 destination working registers e {W0..W15} 


Wb 


Base W register e {W0..W15} 


Ws 


Source W register e { Ws, [Ws], [Ws]++, [Ws]~, [Ws++] } 

%. > L J'L J'L J'L J J 


Wd 


Destination W register e { Wd, [Wd], [Wd]++, [Wd]--, [Wd++] } 


Wso 


Source W register e 

{ Wns, [Wns], [Wns]++, [Wns]-, [Wns~], [Wns+Wb], [Wns+slit5] } 


Wdo 


Destination W register e 

{ Wnd, [Wnd], [Wnd]++, [Wnd]~, [Wnd--], [Wnd+Wb], [Wnd+slit5] } 



Field 


Description 


Wm*Wm 


Multiplicand and Multiplier W register for Square instructions e 
{W0*WO,W1 *W1 ,W2*W2,W3*W3} 


Wm*Wn 


Multiplicand and Multiplier W register for DSP instructions e 
{W0*W1 ,W0*W2,W0*W3,W1 *W2,W1*W3,W2*W3} 


Wx 


X data space prefetch address register for DSP instructions 

e {[W4]+=6, [W4]+=4, [W4]+=2, [W4], [W4]-=6, [W4]-=4, [W4]-=2, 

[W5]+=6, [W5]+=4, [W5]+=2, [W5], [W5]-=6, [W5]-=4, [W4]-=2, 

[W5+W8],none} 


Wy 


Y data space prefetch address register for DSP instructions 

c /lAA/ftlj.— ft lAA/fil-L-d r\A/R1x-9 NA/fil r\A/fi1--fi T\A/fi1--4 FWfil— 9 
E \[VVDJ+=o, [ vv DJ+ — *+, [VVDJ+— [WO], L*VOJ-— O, [VVOJ-— *+, [VVOJ-— ^, , 

[W7]+=8, [W7]+=4, [W7]+=2, [W7], [W7]-=6, [W7]-=4, [W7]-=2, , 
[W7+W8],none} 


Wxp 


X data space prefetch destination register for DSP instructions e {W0..W3} 


Wyp 


Y data space prefetch destination register for DSP instructions e {W0..W3} 


AWB 


Accumulator write back destination address register e {W9,[W9]++} 


PC 


Program Counter 


PCL 


Program Counter Low Byte 


PCH 


Program Counter High Byte 


PCU 


Program Counter Upper Byte 


PC LATH 


Program Counter High Byte Latch 


PCLATU 


Program Counter Upper Byte Latch 


OA, OB, SA, SB 


DSC status bits: ACCA Overflow, ACCB Overflow, ACCA Saturate, ACCB Saturate 


C, DC, N, OV, SZ, Z 


ALU status bits: Carry, Digit Carry, Negative, Overflow, Sticky-Zero, Zero 



ADD 



Add Wb and Ws 



Syntax: 



{label:} ADD{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Examples 



Words: 
Cycles: 

Examplel 



Wb g [WO ... W15]; Ws e [WO ... W15]; Wd e [WO 
(Wb) + (Ws) -> Wd 
C, DC, N, OV, Z 



. W15] 



0100 


Owww 


wBqq 


qddd 


dppp 


ssss 



register Wb and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The *d' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



ADD W5,W6,W7 
Before Instruction 



; Add 



After Instruction 



ADD AB Add ACCA to ACCB 

Syntax: {label:} ADD JT 

B 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



none 

(ACCA) + ACCB -> ACC(A or B) 
OA, OB, SA, SB 



1100 


1011 


AOO0 


0000 


0000 


0000 



Add ACCA to ACCB and write results to selected accumulator. 
The 'A' bits specify the destination accumulator. 



ADD B 
Before Instruction 



; Add ACCA to ACCB, result to 
ACCB 



After Instruction 



ADDAC 



16-Bit Signed Add to Accumulator 



Syntax: 



{label:} ADD 



A, 
B, 



Wns, 
[Wns], 
[Wns]++ 
[Wns]-- 
[Wns~], 
[Wns+Wb], 
[Wns+lit5] 



I Slit4] 



Operands: 

Operation: 
Status Affected: 
Encoding: 
Description: 



Wnse [WO... W15]; 

Wb€ [W0...W15]; Iit5e [0 ... 31] 

Slit4e [-8 ... +7] 

(ACC) + Shift S | it4 (Extend(Wns)) -» ACC 
OA, OB, SA, SB 



1100 


1001 


Awww 


wrrr 


rggg 


ssss 



The term contained at the effective address is assumed to be Q1 5 fractional 
data and is automatically sign-extended and zero-backfilled prior to the 
operation. 

Optionally shift the term, then add the term to accumulator. 

The 'A' bits specify the destination accumulator. 

The 's' bits specify the source register Wns. 

The 'g' bits select source address mode 3. 

The V bits specify the offset amount litS OR the offset register Wb. 

The 'r' bits encode the optional operand Slit4 which determines the amount 

of the accumulator preshift; if the operand SIit4 is absent, a 0 is encoded. 

See Table 1-7 for modifier addressing information. 



Note: Positive values of operand Slit4 represent arithmetic shift right. 
Negative values of operand Slit4 represent shift left. 



Examples 



Words: 
Cycles: 

Examplel 



ADD A,W5,# 3 
Before instruction 



; Shift W5 right 3 bits, add to accumu- 
lator A 



After Instruction 



ADDC 



Add Wb and Ws with Carry 



Syntax: {label:} ADDC{.b} Wb, Ws, Wd 

[Ws], [Wd] 



[Ws]++, [Wd]++ 

[Ws]-, [Wd]» 

[Ws++] ( [Wd++] 

[Ws--], [Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; Ws e [WO ... W15]; Wd e [WO , 
(Wb) + (Ws) + (C) -> Wd 
C, DC, N, OV, 2 



. W15] 



0100 


lwww 


wBgq 


gddd 


dppp 


ssss 



riuu 11 ic uuMitfinb ui trie source register vvs ana xne conienrs or tne Dase 
register Wb and the Carry bit and place the result in the destination register 
Wd. 



The £ B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'w' bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The ( p' bits select source address mode 2. 

The f q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



ADDC W5,W6,W7 
Before Instruction 



; Add 



After Instruction 



ADDCLS 



Add Wb and Short Literal with Carry 



Syntax: {label:} ADDC{.b} Wb, Iit5, Wd 

[Wd] 
[Wd]++ 
[Wd]» 
[Wd++] 
[Wd-] 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Example 1 



Wb e [WO ... W15]; Iit5 e [0 ... 31]; Wd € [WO ... W15] 
(Wb) + litS + (C) ->Wd 
C, DC, N, OV, Z 



0100 


lwww 


wBqq 


qddd 


dllk 


kkkk 



Add the contents of the base register Wb, the literal operand and the Carry 
bit; and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the base register. 

The V bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



ADDC W5,#12,W7 
Before Instruction 



; Add 



After Instruction 



ADDCLW 



Add Literal to Wn with Carry 



Syntax: 



{label:} ADDC{.b} 



SlitIO, 



Wn 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



SlitIO e [-51 2. ..511]; Wn e [WO , 
SlitIO + (Wn) + (C)->Wn 
C, DC, N, OV, Z 



, W15] 



1011 


0000 


lBkk 


kkkk 


kkkk 
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Add the literal operand to the contents of the working register Wn and the 
Carry bit and place the result in the working register Wn. 

The 'B' bit selects byte or word operation. 
The f d' bits select the address of the working register. 
The V bits specify the literal operand, a signed 10-bit number. 



Note: 



The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



ADDC #123,W7 
Before Instruction 



; Add w/ carry 



After Instruction 



ADDLS 



Add Wb and Short Literal 



Syntax: {label:} ADD{.b} Wb, Iit5, Wd 

[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd--] 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; Iit5 e [0 ... 31]; Wd £ [WO ... W15] 
(Wb) + Iit5 -» Wd 
C, DC, N, OV, Z 



0100 


Owww 


wBqg 


qddd 


dllk 


kkkk 



Add the contents of the source register Ws and the literal operand and 
place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



ADD W5,#12,W7 
Before Instruction 



; Add 



After Instruction 



ADDLW 



Add Literal to Wn 



Syntax: {label:} ADD{.b} SlitIO, Wn 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



SlitIO e [-512 ... 511]; Wn e [WO ... W15] 
SlitIO + (Wn) ->Wn 
C f DC, N, OV, Z 



1011 


0000 


OBkk 


kkkk 


kkkk 
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the result in the working register Wn. 

The 'B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The [ k' bits specify the literal operand, a signed 10-bit number. 



Note: 



The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



ADD #123,W7 
Before Instruction 



; Add 



After Instruction 



ADDWF 



Add f and Ww 



Syntax: 



{label:} ADD{.b} 



{,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 



f e [0... 8191] 

(f) + (Ww) -» destination designated by D 
C, DC, N, OV, Z 



1011 


0100 


OBDf 


ffff 


ffff 


ffff 



Add the contents of the working register and the contents of the file register 
and place the result in the destination designated by D: If the optional Ww is 
specified, D=0 and store result in Ww; otherwise, D=1 and store result in the 
file register. 

The 'B' bit selects byte or word operation. 

The ( D' bit selects the destination. 

The T bits select the address of the file register. 



Note: 



The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Examplel 



ADD RAMI 35, Ww 
Before Instruction 



; Add 



After Instruction 



ADDWFC 



Syntax: 



Add f and Carry bit and Ww 



{label:} ADDCf.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0...8191] 

(f) + (Ww) + (C)-» destination designated by D 
C, DC, N, OV, Z 



1011 


0100 


lBDf 


ffff 


ffff 


ffff 
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of the file register and place the result in the destination designated by D: If 
the optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 
and store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 
Cycles: 



Examples 



Examplel 



ADDC RAM135,Ww 
Before Instruction 



; Add 



After Instruction 



AND 



And Wb and Ws 



Syntax: {label:} AND{.b} Wb, Ws, Wd 

[Ws], [Wd] 



[Ws]++, [Wd]++ 

[Ws]~, [Wd]» 

[Ws++], [Wd++] 

[Ws--], [Wd-] 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; Ws g [WO ... W15]; Wd e [WO . 

(Wb).AND.(Ws)->Wd 

N,Z 



. W15] 



0110 


Owww 


wBqq 


qddd 


dppp 


ssss 



Compute the AND of the contents of the source register Ws and the con- 
tents of the base register Wb and place the result in the destination register 
Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The *q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



AND W5,W6,W7 
Before Instruction 



; And 



After Instruction 



ANDLS 



AND Wb and Short Literal 



Syntax: {label:} AND{.b} Wb, Iit5, Wd 

[Wd] 
[Wd]++ 
[Wd]-- 
[Wd++] 
[Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; Iit5 e [0 ... 31]; Wd e [WO ... W15] 

(Wb).AND.iit5 -> Wd 

N.Z 



0110 


Owww 


wBqq 


qddd 


dllk 
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Compute the AND of the contents of the base register Wb and the literal 
operand and place the result in the destination register Wd. 

The ( B' bit selects byte or word operation. 

The W bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



AND W5,#12,W7 
Before Instruction 



; AND 



After Instruction 



ANDLW 



Syntax: 



AND Literal and Wd 



{label:} AND{.b} SlitIO, Wn 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



SlitIO e [-512 ... 511]; Wn e [WO ... W15] 



Slit10.AND.(Wn)-^Wn 










N t Z 












1011 


0010 


OBkk 


kkkk 


kkkk 


dddd 
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register Wn and place the result in the working register Wn. 

The 'B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The 'k' bits specify the literal operand, a signed 10-bit number. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



AND #123,W7 
Before Instruction 



; AND 



After Instruction 



ANDWF 



And f and Ww 



Syntax: 



{label:} AND{.b} 



{,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



fe [0... 8191] 

(f).AND.(Ww) -> destination designated by D 
N,Z 



1011 


0110 


OBDf 


ffff 


ffff 


ffff 



Compute the AND of the contents of the working register and the contents 
of the file register and place the result in the destination designated by D: if 
the optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 
and store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



AND RAMI 35, Ww 
Before Instruction 



; And 



After Instruction 



AS R Arithmetic Shift Right Ws 



Ws, 


Wd 


[Ws], 


[Wd] 


[Ws]++, 


[Wd]++ 


[Ws]-, 


[Wd]~ 


[Ws++], 


[Wd++] 


[Ws--], 


[Wd-] 



Syntax; {labe!:} ASR{.b} 



Operands: 
Operation: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(Ws<15>) -> Wd<15>, (Ws<15>) -> Wd<14>, 
(Ws<14:1>) -> Wd<13:0>, (Ws<0>) -» C 

For byte operation: 

(Ws<7>) -> Wd<7>, (Ws<7>) -» Wd<6>, 
(Ws<6:1>) -» Wd<5:0>, (Ws<0>) -> C 



Status Affected: 

Encoding: 

Description: 



C, N, OV, Z 



1101 


0001 


lBqq 


qddd 


dppp 


ssss 



Shift the contents of the source register Ws one bit to the right and place the 
result in the destination register Wd. Shift the MSB back into itself. The 
Carry Flag is set if the LSB of Ws is '1 \ 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 
Cycles: 1 

Examplel ASR W5,W6 ; Arithmetic shift right 

Before Instruction 



After Instruction 



ASRF 



Syntax: 



Arithmetic Shift Right f 



{label:} ASR{.b} f {,Ww} 



Operands: 
Operation: 



f e [0... 8191] 

For word operation: 

(f<15>) -» Dest<15>, (f<15>) -» Dest<14> 
(f<1 4:1 >) Dest<1 3:0>, (f<0>) -» C 

For byte operation: 

(f<7>) -> Dest<7>, (f<7>) -> Dest<6>, 
(f <6: 1 >) -> Dest<5:0>, (f <0>) -> C 



Status Affected: 

Encoding: 

Description: 



C, N,OV,Z 



1101 


0101 


lBDf 


ffff 


ffff 


ffff 



Shift the contents of the file register f one bit to the right through the carry 
flag and place the result in the destination designated by D: If the optional 
Ww is specified, D=0 and store result in Ww; otherwise, D=1 and store 
result in the file register. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel ASR RAM135, Ww ; Arithmetic shift right 

Before Instruction 



After Instruction 



ASRK 



Syntax: 



Arithmetic Shift Right by Short Literal 



{label:} ASR Wb, Iit5, Wnd 



Operands: Wb e [WO ... W15]; litS e [0...31]; Wnd e [WO ... W15] 

Operation: iit5<3:0>->Shift_Val 

0^Shift_ln<39:32> 

Wb<1 5:0>->Shift_ln<31 :1 6> 

0->ShiftJn<15:0> 

0->Shift_Out<39:32> 

Shift_ln<31>-^Shift_Out<32:32-Shift_Val> 
ShiftJn<31:Shift_Val>->Shift„Out<31-Shift_Val:0> 

if Iit5<4>==0: (less than 16) 

Shift_Out<31:16>-»Wnd 
Shift„Out<1 5:0>-h>CARRY1 
O^CARRYO 

If Iit5<4>==1 : (16 or greater) 

Shift_Out<31 :31 >->Wnd<1 5:0> 
Shift_0ut<31 :16>->CARRY1 
Shift_Out<1 5:0>->CARRY0 



Status Affected: C,SZ,Z 



1101 


1110 


Iwww 


wddd 
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Description: Arithmetic shift right the contents of the source register Wb by Iit5 bits (up to 

31 positions), placing the result in the destination register Wnd. Bits that are 
shifted beyond the rightmost position of the source are stored in the 
CARRY1 and CARRYO registers. 



The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



1 
1 



ASRW 



Syntax: 



Arithmetic Shift Right by Wns 



{label:} ASR Wb, Wns, Wnd 



Operands: 
Operation: 



Status Affected: 

Encoding: 

Description: 



Wb e [WO ... W15]; Wns e [WO ...W15]; Wnd e [WO ... W15] 
Wns<3:0>->Shift_Val 

0->Shift_ln<39:32> 

Wb<1 5:0>-»ShiftJn<31 : 1 6> 

0-^Shift_ln<15:0> 

0->Shift_Out<39:32> 

Shift_ln<31>^Shift_Out<32:32-Shift„Val> 
Shiftjn<31 :Shift_Val>->Shift_Out<31 -Shift_Val:0> 

If Wns<4>==0: (less than 1 6) 

Shift_Out<31:16>->Wnd 

Shift_Out<1 5:0>^CARRY1 

0->CARRYO 
If Wns<4>==1: (16 or greater) 

Shift_Out<31 :31>->Wnd<15:0> 

ShifLOut<31 : 1 6>^CARRY1 

Shift_Out<15:0>^CARRY0 

C,SZ,Z 



1101 



1110 



lwww 



wddd 



dOOO 



Arithmetic shift right the contents of the source register Wb by Wns bits (up 
to 31 positions), placing the result in the destination register Wnd. Bits that 
are shifted beyond the rightmost position of the source are stored in the 
CARRY1 and CARRYO registers. 

The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



EXAMPLES: 



BC 



Branch if Carry 



Syntax: 



{label:} 
{label:} 



BRA 
BRA 



C, 
GEU, 



Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16 g [-32768 ... +32767] 
Condition = C 

[f (condition), then (PC+2) + 2*Slit16 -» PC, and NOP -» Instruction Regis- 
ter. 



None 



0011 


0001 


nnnn 


nnnn 


nnnn 


nnnn 



If the Carry bit is T, then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The ( n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA C, label 
Before Instruction 



; Branch if Carry 



After Instruction 



B C L R Bit c|ear in Ws 



Syntax: {label:} BCLR Ws, bit4 

[Ws], 

[Ws]++, 
[Ws]--, 

[Ws++], 
[Ws-], 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit4 e [0 ... 15]; Ws e [WO ... W15] 
0 -> Ws<bit4> 
None 



1010 
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Bit £ bit4' in register Ws is cleared. 

The 'b' bits select value bit4 of the bit position to be cleared. 
The 's' bits select the address of the source/destination register. 
The 'p' bits select source address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



BCLR W6, #5 
Before Instruction 



; Clear bit 5 in W6 



After Instruction 



BCLRF Bit Clear f 



{label:} BCLR.b f, bit3 



Syntax: 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



b\\3e [0...7];f e [0...8191] 
0 -» f<bit3> 
None 



1010 



1001 



bbbf 



ffff 



ffff 



Bit 'bit3' in file register f is cleared. 

The 'b' bits select value bit3 of the bit position to be cleared. 
The T bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



ffff 



Examples 



Words: 
Cycles: 

Examplel 



BCLR.b RAM135, #5 
Before Instruction 



; Clear bit 5 in RAMI 35 



After Instruction 



BGE Branch if Signed Greater Than or Equal 

Syntax: {label:} BRA SI Siit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768... +32767] 

Condition = (N&&OV)II(!N&&!OV) 
If (Condition), then (PC+2) + 2*Slit16 - 
ter. 

None 



PC, and NOP Instruction Regis- 



0011 


1101 


nnnn 


nnnn 


nnnn 


nnnn 



If the branch condition is met, then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The c n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA GE, label 
Before Instruction 



; Branch if Greater Than or Equal 



After Instruction 



BGT Branch if Signed Greater Than 

Syntax: {label:} BRA GT, Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768... +32767] 

Condition = (!Z&&N&&OV)ll(!Z&&!N&&!OV); 

If (Condition), then (PC+2) + 2*Slit16 PC, and NOP -» Instruction Regis- 
ter. 

None 



0011 


1100 


nnnn 


nnnn 


nnnn 


nnnn 



If the branch condition is met, then the program will branch. 



The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The *n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Words: 1 
Cycles: 1 (2) 

Examples 

Examplel BRA GT, label ; Branch if Greater Than 

Before Instruction 



After instruction 



B GTU Branch if Unsigned Greater Than 

Syntax: {label:} BRA GflU Slit16 



Operands: 
Operation: 



Slitl6e [-32768 ... +32767] 
Condition = (C&&IZ); 

If (Condition), then (PC+2) + 2*Slit16 -» PC, and NOP -» Instruction Regis- 
ter. 





Status Affected: 


None 












1 


Encoding: 


0011 


1110 


nnnn 


nnnn 


nnnn 


nnnn 




Description: 


If the branch condition is met, then the program will branch. 





The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The £ n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA GTU, label 
Before Instruction 



; Branch if Unsigned Greater Than 



After Instruction 



BLE Branch if Signed Less Than or Equal 

Syntax: {label:} BRA Le! Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768... +32767] 
Condition = Zll(N&&!OV)ll(!N&&OV); 

If (Condition), then (PC+2) + 2*Siit16 -> PC, and NOP Instruction Regis- 
ter. 

None 



0011 


0100 


nnnn 


nnnn 


nnnn 


nnnn 



If the branch condition is met, then the program will branch. 



The 2's complement number *2*SIit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Words: 1 
Cycles: 1 (2) 

Examples 

Example 1 BRA LE, label ; Branch if Less Than or Equal 

Before Instruction 



After Instruction 



BLEU 



Branch if Unsigned Less Than or Equal 



Syntax: 



{label:} 



BRA 



LEU, 



Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768... +32767] 
Condition = !CIIZ; 

If (Condition), then (PC+2) + 2*Slit16 -» PC, and NOP Instruction Regis- 
ter. 

None 



0011 


0110 


nnnn 


nnnn 


nnnn 


nnnn 



If the branch condition is met, then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1(2) 

BRA LEU, label 
Before Instruction 



; Branch if Unsigned Less Than or 
Equal 



After Instruction 



B LX Branch if Signed Less Than 



Syntax: {label:} BRA LT, SIit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768 ... +32767] 

Condition = (N&&!OV)ll(!N&&OV); 
If (Condition), then (PC+2) + 2*Slit16 ■ 
ter. 

None 



PC, and NOP -> Instruction Regis- 



0011 


0101 


nnnn 


nnnn 


nnnn 


nnnn 



If the branch condition is met, then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA LT, label 
Before Instruction 



; Branch if Less Than 



After Instruction 



BN 



Branch if Negative 



Syntax: 



{label:} BRA 



N, 



Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768 ... +32767] 
Condition = N 

If (condition), then (PC+2) + 2*SIitl6 -» PC, and NOP -» Instruction Regis- 
ter. 
None 



0011 



0011 



□ 



If the Negative Flag is T, then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 (2) 

BRA N, label 
Before Instruction 



; Branch if Negative 



After Instruction 



BNC 



Branch if Not Carry 



Syntax: 



{label:} 
{label:} 



BRA 
BRA 



NC, 
LTU, 



Slit16 



Operands: 
Operation: 



Slit16e [-32768... +32767] 
Condition = !C 

If (condition), then (PC+2) + 2*Slit16 ■ 
ter. 



• PC, and NOP -» Instruction Regis- 





Status Affected: 


None 












1 


Encoding: 


0011 


1001 


nnnn 


nnnn 


nnnn 


nnnn 


Description: 


If the Carry bit is '0', then the program will branch. 







The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA NC, label 
Before Instruction 



; Branch if Not Carry 



After Instruction 



B N N Branch if Not Negative 



Syntax: {label:} BRA NN, Slitl 6 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit! 6 e [-32768 ... +32767] 
Condition = !N 

If (condition), then (PC+2) + 2*Slit16 -> PC, and NOP ■ 
ter. 

None 



Instruction Regis- 



0011 


1011 


nnnn 


nnnn 


nnnn 


nnnn 



If the Negative Flag is '0\ then the program will branch. 



The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Words: 1 
Cycles: 1 (2) 

Examples 

Examplel BRA NN, label ; Branch if Not Negative 

Before Instruction 



After Instruction 



BNOV Branch if Not Overflow 

Syntax: {label:} BRA NOV, Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768 ... +32767] 
Condition = !0V 

If (condition), then (PC+2) + 2*Slit16 - 
ter. 

None 



■ PC, and NOP Instruction Regis- 



0011 


1000 


nnnn 


nnnn 


nnnn 


nnnn 



If the Overflow Flag is ( 0\ then the program will branch. 



The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 

Words: 1 
Cycles: 1 (2) 

Examples 

Examplel BRA NOV, label ; Branch if Not OVerflow 

Before Instruction 



After Instruction 



BNZ 



Branch if Not Zero 



Syntax: 



{label:} BRA 



NZ, 



Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768... +32767] 
Condition = !Z 

If (condition), then (PC+2) + 2*Slit16 
ter. 

None 



PC, and NOP -> Instruction Regis- 



0011 


1010 


nnnn 


nnnn 


nnnn 


nnnn 



If the Zero Flag is '0', then the program will branch. 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA NZ, label 
Before Instruction 



; Branch if Not Zero 



After Instruction 



BOA 



Branch if Overflow Accumulator A 



Syntax: {label:} BRA OA, Slit16 



Operands: 
Operation: 



Description: 



Slit16e [-32768 ... +32767] 
Condition = OA 

If (condition), then (PC+2) + 2*Slit16 -» PC, and NOP -> Instruction Regis- 
ter. 



Status Affected: 


None 












Encoding: 


0000 


1100 


nnnn 


nnnn 


nnnn 


nnnn 



If the OA Flag is T, then the program will branch. 



The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Words: 1 
Cycles: 1 (2) 

Examples 

Exampiel BRA OA, label ; Branch if Accumulator A Overflow 

Before Instruction 



After Instruction 



BOB Branch if Overflow Accumulator B 

Syntax: {label:} BRA 35! SiitTe 



Operands: 
Operation: 



Slit16e [-32768... +32767] 
Condition = OB 

If (condition), then (PC+2) + 2*Slit16 ■ 
ter. 



■ PC, and NOP -» Instruction Regis- 



Status Affected: 


None 












Encoding: 


0000 


1101 


nnnn 


nnnn 


nnnn 


nnnn 


Description: 


If the OB Flag is '1', then the program will branch. 







The 2's complement number '2*Slit1 6' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA OB, label 
Before Instruction 



; Branch if Accumulator B Overflow 



After Instruction 



BOV 



Branch if Overflow 



Syntax: {label:} BRA OV, Slit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768 ... +32767] 
Condition = OV 

if (condition), then (PC+2) + 2*Slit16 - 
ter. 

None 



> PC, and NOP Instruction Regis- 



0011 


0000 


nnnn 


nnnn 


nnnn 


nnnn 



If the Overflow Flag is '1 then the program will branch. 



The 2's complement number ( 2*Slit1 6' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Words: 1 
Cycles: 1 (2) 

Examples 

Examplel BRA OV, label ; Branch if Overflow 

Before Instruction 



After Instruction 



BRA 



Branch Unconditionally 



Syntax: 



{label:} BRA 



Slit16 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Slit16e [-32768 ... +32767] 
(PC+2) + 2*Slit16 -> PC, and NOP ■ 
None 



Instruction Register. 



0011 


0111 


nnnn 


nnnn 


nnnn 


nnnn 



The program will branch unconditionally. 

The 2's complement number £ 2*Slit1 6' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Siit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Exampiel 



BRA label 
Before Instruction 



; Branch unconditionally 



After Instruction 



BRAW 



Computed Branch 



Syntax: 



{label:} 



BRA 



Wn 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wne [W0...W15] 

(PC) +2 + (2 * (Wn)) -> PC, NOP -> instruction Register. 
None 



0000 


0001 


0110 


0000 


0000 


ssss 



Computed branch with a jump up to 32K instructions forward or backward 
from the current location. 

The sign extended 17-bit value (2 * (Wn)) is added to the contents of the 
PC and the result is stored into the PC. BRAW is a two-cycle instruction. 

The 's' bits select the address of the source register. 



BRA Wll 
Before Instruction 



; Branch to PC+W11 



After Instruction 



BSA 



Branch if ACCA Saturation 



Syntax: {label:} BRA SA, Slit16 



Operands: 
Operation: 



Description: 



Slit16e [-32768 ... +32767] 
Condition = SA 

If (condition), then (PC+2) + 2*Slit16 
ten 



• PC, and NOP -> Instruction Regis- 



Status Affected: 


None 












Encoding: 


0000 


1110 


nnnn 


nnnn 


nnnn 


nnnn 



If the ACCA 

The 2's complement number '2*Slit1 6' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The £ n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA SA, label 
Before Instruction 



; Branch if ACCA Saturation 



After Instruction 



BSB 



Branch if ACCB Saturation 



Syntax: 



{label:} BRA 



SB, 



Slit16 



Operands: 
Operation: 



Description: 



Slit16e [-32768 ... +32767] 
Condition = SB 

if (condition), then (PC+2) + 2*Slit16-» PC, and NOP -» Instruction Regis- 
ter. 



Status Affected: 


None 












Encoding: 


0000 


1111 


nnnn 


nnnn 


nnnn 


nnnn 



If the ACCB J 

The 2's complement number '2*Slit16' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + n. This instruction is then a two-cycle instruction, with a 
NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1(2) 

BRA SB, label 
Before Instruction 



; Branch if ACCB Saturation 



After Instruction 



BSET Bit Set in Ws 



Syntax: {label:} BSET Ws, bit4 

[Ws], 

[Ws]++, 
[Ws]--, 

[Ws++], 
[Ws-], 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit4 g [0 ... 15]; Ws e [WO ... W15] 
1 -> Ws<bit4> 
None 



1010 


0000 


bbbb 


0000 


Oppp 


ssss 



Bit 'bit4' in register Ws is set. 

The 'b' bits select value bit4 of the bit position to be cleared. 
The 's' bits select the address of the source/destination register. 
The 'p' bits select source address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



BSET W6,#5 
Before instruction 



; Set bit 5 in W6 



After instruction 



BSETF Bit Set f 



Syntax: {label:} BSET.b f, bit3 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit3e [0...7];f e [0 ... 8191] 
1 -» f<bit3> 
None 



1010 


1000 


bbbf 


ffff 


ffff 


ffff 



Bit 'bit3' in file register f is set. 

The 'b' bits select value bit3 of the bit position to be cleared. 
The T bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



Examples 



Words: 
Cycles: 

Examplel 



BSET.B RAM135, #5 
Before Instruction 



;Set bit 5 in RAM 135 



After Instruction 



BSW Bit Write in Ws 



Syntax: {label:} BSW.C Ws, Wb 

BSW.Z [Ws], 



[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Operands: 
Operation: 



Description: 



Wb g [WO ... W15]; Ws e [WO ... W15] 

If ".Z" option, then Z -» Ws<(Wb)> 
If ".C" option, then C -» Ws<(Wb)> 



Status Affected: 


None 












Encoding: 


1010 


1101 


Zwww 


wOOO 


Oppp 


ssss 



Bit (Wb) in register Ws is written with the value of the C or Z bit. 

The 'w' bits select the address of the bit select register. 
The 'Z' bit selects the Z or C flag bit as source. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2. 



See Table 1-5 for modifier addressing information. 



Words: 1 
Cycles: 1 

Examples 

Examplel BSW.Z W5,W6 ; Test/Set bit 

Before Instruction 



After Instruction 



BTFSC 



Syntax: 



Bit Test f, Skip if Clear 



{label:} BTSC.b f, bit3 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



bit3e [0...7];f e [0... 8191] 
Test (f)<bit3>, skip if clear 
None 



1010 


1111 


bbbf 


ffff 


ffff 


ffff 



carded and on the next cycle a NOP is executed instead. 

The 'b' bits select the value bit3 of the bit position to be tested. 
The T bits select the address of the file register. 



Note: 
Note: 

1 



This instruction operates in byte mode only. 

The .b extension must be included with the opcode. 



1 (2 or 3) 

BTSC.b RAM135,#5 
Before Instruction 



; Bit test bit 5 in RAM135, skip if clear 



After Instruction 



BTFSS 



Syntax: 



Bit Test f, Skip if Set 



{label:} BTSS.b f, bit3 



Operands: bit3 e [0 ... 7]; f e [0 ... 8191] 

Operation: Test (f)<bit3>, skip if set 

Status Affected: None 



1010 


1110 


bbbf 


ffff 


ffff 


ffff 



Description: Bit 'bit3' in (f) is tested. If the bit is T, then the fetched instruction is dis- 

carded and on the next cycle a NOP is executed instead. 

The Id' bits select value bit3 of the bit position to be cleared. 
The T bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



Examples 



Words: 1 
Cycles: 1 (2 or 3) 



Exam P !e1 BTSS.b RAM135, #5 ; Bit test bit 5 in RAM135, skip if set 

Before instruction 



After Instruction 



BTG 



Bit Toggle in Ws 



Syntax: {label:} BTG Ws, bit4 

[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws-], 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit4e [0... 15]; Ws e [WO ... W15] 



Words: 
Cycles: 

Example 1 



(Ws)<bit4> H>Ws<bit4> 










None 












1010 


0010 


bbbb 


0000 


Oppp 


ssss 



Bit 'bit4' in register Ws is toggled. 

The 'b' bits select value bit4 of the bit position to be cleared. 
The 's' bits select the address of the source/destination register. 
The £ p' bits select source address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: This instruction operates in word mode only. 



BTG W6, #5 
Before Instruction 



; Toggle bit 5 in W6 



After Instruction 



BTGF Bit Toggle f 



Syntax: 



{label:} BTG.b 



f, bit3 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit3e [0... 
(f)<bit3> -> 
None 


7];f e [0...8191] 
(f)<bit3> 






1010 


1010 


bbbf 


ffff 


ffff 



ffff 



Bit 'bit3' in file register f is toggled. 

The 'b' bits select value bit3 of the bit position to be cleared. 
The T bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



□ 



Examples 



Words: 
Cycles: 

Examplel 



BTGb RAM135,#5 
Before Instruction 



; Toggle bit 5 in RAM135 



After Instruction 



BTSC 



Bit Test Ws, Skip if Clear 



Syntax: {label:} BTSC Ws, bit4 

[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



bit4 g [0... 15]; Wsg [WO... W15] 
Test (Ws)<bit4>, skip if clear. 
None 



1010 


0111 


bbbb 


0000 


Oppp 


ssss 



carded and on the next cycle a NOP is executed instead. 

The 'b' bits select value bit4 of the bit position to be tested. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 
Note: This instruction operates in word mode only. 
1 

1 (2 or 3) 



BTSC W6, #5 
Before Instruction 



; Test bit 5 in W6, skip if clear 



After Instruction 



BTSS 



Bit Test Ws, Skip if Set 



Syntax: {label:} BTSS Ws, bit4 

[Ws], 



[Ws]++ f 
[Ws]--, 
[Ws++], 
[Ws-], 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Example 1 



bit4e [0... 15]; Ws e [WO... W15] 
Test (Ws)<bit4>, skip if set. 
None 



1010 


0110 


bbbb 


0000 


Oppp 


ssss 



carded and on the next cycle a NOP is executed instead. 

The 'b* bits select the value bit4 of the bit position to be tested. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 
Note: This instruction operates in word mode only. 
1 

1 (2 or 3) 



BTSS W6,#5 
Before Instruction 



; Test bit 5 in W6, skip if set 



After Instruction 



BTST 



Bit Test in Ws 



Syntax: {label:} BTST.C Ws, bit4 

BTST.Z [Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Operands: 
Operation: 



bit4 g [0 ... 15]; Ws e [WO ... W15]; 

if ".Z" option, (Ws)^bit4> -» Z 
if ".C" option, (Ws)<bit4> -» C 



Status Affected: 


CorZ 












Encoding: 


1010 


0011 


bbbb 


zooo 


Oppp 


ssss 


Description: 


Bit 'bit4' in register Ws is 


tested. 









The Zero flag contains the inversion of the bit or the Carry flag contains the 
bit. 



The 'b' bits select value bit4 of the bit position to be test/set. 
The T bit selects the Z or C flag bit as destination. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Examples 



Words: 1 
Cycles: 1 

Examplel BTST.C W6,#5 ; Test bit 5 in W6 to the C flag 

Before Instruction 



After Instruction 



BTSTF 



Bit Test f 



Syntax: {label:} BTST.b f, bit3 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



bit3e [0 ... 7] j f £ [0...8191] 
(f)<bit3> -» 2 



1010 


1011 


bbbf 


ffff 


ffff 


ffff 



Bit 'bit3' in file register f is tested, the Zero Flag bit is set if it is zero and 
cleared otherwise. The file register contents are unchanged. 

The 'b' bits select value bit3 of the bit position to be cleared. 
The T bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



Examples 



Words: 
Cycles: 

Example 1 



BTST.b RAMI 35, #5 
Before Instruction 



;Test bit 5 in RAM135 



After Instruction 



BTSTS 



Bit Test/Set in Ws 



Syntax: {label:} BTSTS.C Ws, bit4 

BTSTS.Z [Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Operands: 
Operation: 



Description: 



bit4e [0... 15]; Ws e [WO... W15] 



if *2? option, first (Ws)<bit4> - 
if ".C" option, first (Ws)<bit4> 



► Z, then 1 -» Ws<bit4> 

► C, then 1 -> Ws<bit4> 



Status Affected: 


CorZ 












Encoding: 


1010 


0100 


bbbb 


zooo 


Oppp 


ssss 



Bit 'bit4' in register Ws is tested and then set. 



The 'b' bits select the value bit4 of the bit position to be test/set. 
The 'Z' bit selects the Z or C flag bit as destination. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Examples 



Words: 1 
Cycles: 1 

Examplel BTSTS .Z W6>#5 ; Test/Set bit 5 in W6 to the Z flag 

Before Instruction 



After Instruction 



BTSTSF 



Syntax: 



Bit Test/Set f 



{label:} BTSTS.b f, bit3 



Operands: bit3 e [0 ... 7]; f e [0 ... 8191] 

Operation: First (f)<bit3> Z, then 1 -> (f)<bit3> 

Status Affected: Z 



Encoding: 



1010 


1100 


bbbf 


ffff 


ffff 


ffff 



Description: Bit £ bit3' in file register f is tested and then set. 

The 'b' bits select value bit3 of the bit position to be cleared. 
The 'f bits select the address of the file register. 

Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 

Words: 1 
Cycles: 1 

Examples 

Examplel BTSTS.b RAM135,#5 ; Test/Set bit 5 in RAM 135 

Before Instruction 



After Instruction 



BTSTW 



Bit Test in Ws 



Syntax: 



{label:} 



BTSTC 
BTST.Z 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Wb 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Wb e [WO ... W15]; Ws e [WO ... W15] 

if ".Z" option, (Ws)<(Wb)> -» Z 
if ".C" option, (Ws)<(Wb)> -» C 

CorZ 



1010 


0101 


Zwww 


wOOO 


Oppp 


ssss 



Bit (Wb) in register Ws is tested. 

The Zero flag contains the inversion of the bit or the Carry flag contains the 
bit. 

The 'w' bits select the address of the bit select register. 
The T bit selects the Z or C flag bit as destination. 
The 's' bits select the address of the source register. 
The ( p' bits select source address mode 2. 

See Table 1-5 for modifier addressing information. 



Examples 



Words: 
Cycles: 

Examplel 



BTST.C W5,W6 
Before Instruction 



; Test bit in W5 selected by W6 



After Instruction 



BZ 



Branch if Zero 



Syntax: 



{label:} BRA 



BZ, 



Siit16 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Slit16e [-32768 ... +32767] 
Condition = Z 

if (condition), then (PC+2) + 2*Slit16 -> PC, and NOP -» Instruction Regis- 
ter. 

None 



0011 


0010 


nnnn 


nnnn 


nnnn 


nnnn 



If the Z Flag is '1', then the program will branch. 

The 2's complement number '2*Slit1 6' (the offset) is added to the PC. Since 
the PC will have incremented to fetch the next instruction, the new address 
will be (PC+2) + 2*Slit16 . This instruction is then a two-cycle instruction, 
with a NOP in the second cycle. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+2). 



Examples 



Words: 
Cycles: 

Examplel 



1 

1 (2) 

BRA Z, label 
Before Instruction 



; Branch if Zero 



After Instruction 



CALL 



Call Subroutine 



Syntax: {label:} CALL iit23 

CALL.S 



Operands: 
Operation: 



Status Affected: 
Encoding: 
1st word 
2nd word 
Description: 



Iit23 e [0 ... 8388606] 
(PC) +4 -» PC, 
(PC<15:0>)-*TOS, 
(W15)+2^W15 
(PC<23:16>)->TOS, 
(W15)+2^ W15 

Iit23 -» PC, NOP -» Instruction Register. 

If S = 1 , copy the contents of the primary registers into the shadow regis- 
ters. 

None 



0000 


001S 


nnnn 


nnnn 


nnnn 


nnnO 


0000 


0000 


0000 


0000 


Onnn 


nnnn 



Subroutine call of entire 4M instruction program memory range. First, 
return address (PC+4) is pushed onto the return stack (24-bits wide). 

Then the 24-bit value 'Iit23' is loaded into the PC. CALL is a two-cycle 
instruction. 

The 'n' bits form the target address. 

If 'S' = 1 , the primary registers are copied into the shadow registers. 
If 'S' = 0, no update occurs. 



Examples 



Words: 
Cycles: 

Examplel 



CALL 
Before Instruction 



label 



; Call subroutine 



After Instruction 



CALLW Call Indirect Subroutine 



Syntax: {label:} CALL Wn 

CALL.S 



Operands: Wn e [WO, W15] 

Operation: (PC) +2 -> PC, 

(PC<15:0>) ->TOS, 
(W15)+2-> W15 
(PC<23:16>)^TOS, 
(W15)+2-> W15 

0 -> PC<22:17>, (Wn) -» PC<16:1>, 0 PC<0>; 
NOP -» Instruction Register. 

Status Affected: None 



0000 


0001 


sooo 


0000 


0000 


ssss 



Description: Indirect subroutine call of first 64K instructions of program memory. First, 

return address (PC+2) is pushed onto the return stack. 

Then, the 16-bit value (Wn) is left shifted 1 bit, zero-extended and loaded 
into the PC. CALL is a two-cycle instruction. 

Words: 1 
Cycles: 2 

Examples 

Examplel CALL W5 ; Call indirect subroutine 

Before Instruction 



After Instruction 



CLR 



Clear Ws 



Syntax: {label:} CLR{.b} Ws 

[Ws] 
[Ws]++ 
[Ws]» 
[Ws++] 
[Ws--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws g [WO . 
0^>Ws 

z 


. W15] 










1110 


1011 


0B00 


0000 


Oppp 


ssss 



The contents of the source register are cleared and the Z flag is set. 

The 'B' bits selects byte or word operation. 

The ( s' bits select the address of the source register. 

The 'p' bits select the source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CLR W7 
Before Instruction 



; Clear 



After Instruction 



CLRAC 



Clear Accumulator, Prefetch Operands 



Syntax: 



{label:} CLR 



A, 
B, 



,Wxp,[Wx] 
,Wxp,[Wx]+=kx 
,Wxp,[Wx]-=kx * 
,Wxp,[W5+W8] 
none 



,Wyp,[Wy] 
,Wyp,[Wy]+=ky 
,Wyp,[Wy]-=ky * 
,Wyp,[W7+W8] 
none 



,AWB 
none 



Operands: 



Operation: 



Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx,ky 

Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 
Wyp g {WO ... W3}; Wy e {W6, W7}; ky e {-6, -4, -2, 2, 4, 6}; 
AWB e {W9, [W9]++} 

0 -> ACC(A or B) 

([Wx])-> Wxp; (Wx)+kx->Wx; 
([Wy])->Wyp; (Wy)+ky->Wy; 
(ACC(B or A)) rounded AWB 

OA, OB, SA, SB 



1100 


0011 


AOxx 


yyii 


iij j 





Clear the specified accumulator, prefetch operands and optionally store 
accumulator results in preparation for a repeated MAC type instruction. 
Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded con- 
tents of other accumulator, if required. Note that the specification of (B or A) 
is consistant with the MAC instruction. For example, clrac a, w9 will store 
ACCB into W9. 

The 'A bit selects the other accumulator used for write back. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The 'a' bits select the accumulator write-back destination. 

See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 



Cycles: 



1 



Examples 



Examplel CLR A,W0,[W4]-=6,W1,[W6],[W9]++ ; Clear ACCA, prefetch, move ACCB 

to [W9]++ 

Before instruction 



After Instruction 



CLRF Clear f or Ww 

Syntax: {label:} CLR{.b} f 

Ww 

Operands: f e [0 ... 8191] 

Operation: 0 -> destination designated by D 

Status Affected: Z 

Encoding: 1110 llll OBDf ffff ffff ffff 

Description: Clear the register designated by D: If the optional Ww is specified, D=0 and 

clear Ww; otherwise, D=1 and clear the file register. Z flag is set. 



The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 
The 'D' bit selects the destination. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 

Words: 1 
Cycles: 1 

Examples 

Examplel CLR 345 ; Clear file register 345 

Before Instruction 



After Instruction 



CLRWDT 



Clear Watchdog Timer 



Syntax: 



{label:} CLRWDT 



Examples 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Examplel 



none 

0 -» WDT Reg 
TO, PD 



1111 


1110 


0110 


0000 


0000 


0000 



Clear the WatchDog Timer register. 

1 

1 

CLRWDT 
Before Instruction 



I Clear Watchdog Timer 



After Instruction 



COM 



Complement Ws 



Syntax: 



{label:} COM{.b} 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [WO... W15]; Wd ■ 

(Ws)->Wd 

Z,N 



[WO... W15] 



1110 


1010 


lBqq 


qddd 


dppp 


ssss 



Compute the 1's complement of the contents of the source register Ws and 
place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The 'q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



COM W5,W7 
Before Instruction 



; Complement 



After Instruction 



COMF 



Syntax: 



Complement f 



{label:} QOM{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0... 8191] 

(f) -> destination designated by D 
Z,N 



1110 


1110 


lBDf 


ff Ef 


ffff 


ffff 



Compute the 1 's complement of the contents of the file register and place 
the result in the destination designated by D: If the optional Ww is specified, 
D=0 and store result in Ww; otherwise, D=1 and store result in the file regis- 
ter. 



The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 
The l D' bit selects the destination. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



COMF RAMI 35 
Before Instruction 



; Complement 



After Instruction 



CP 



Compare Wb with Ws, Set status flags 



Syntax: {label:} CP{.b} Wb, Ws 

[Ws] 



[Ws]++ 
[Ws]» 
[Ws++] 
[Ws-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; Ws e [WO ... W15] 
(Ws) - (Wb) 
C, DC, N, OV, Z 



1110 


0001 


Owww 


wBOO 


Oppp 


ssss 



Compute (Ws) - (Wb), equivalent to SUBR instruction, then set flags but do 
not store result. 

The 'B' bit selects byte or word operation. 

The 'p' bits select source address mode 2. 

The 'w' bits select the address of the Wb source register. 

The 's' bits select the address of the Ws source register. 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CP W5,W6 
Before Instruction 



;Skip 



After Instruction 



CPO Compare OxOOOO with Ws, Set status flags 

Syntax: {label:} CPO{.b} Ws 

[Ws] 
[Ws]++ 
[Ws]» 
[Ws++] 
[Ws--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [W0... W15] 
(Ws) - 0x0000 
C, DC, N, OV, Z 



1110 


0000 


0B00 


0000 


Oppp 


ssss 



Compute (Ws) - 0x0000, set flags but do not store result. 

The 'B' bit selects byte or word operation. 

The 'p' bits select source address mode 2. 

The 's' bits select the address of the Ws source register. 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPO 

Before Instruction 



W5 



; Compare 



After instruction 



CP1 Compare Ws with OxFFFF, Set status flags 

Syntax: {label:} CP1{.b} Ws 

[Ws] 
[Ws]++ 
[Ws]~ 
[Ws++] 
[Ws-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [WO... W15] 
(Ws) - OxFFFF 
C, DC, N, OV, 2 



1110 


0000 


1B00 


0000 


Oppp 


ssss 



Compute (Ws) - OxFFFF, set flags but do not store result. 

The 'B' bit selects byte or word operation. 

The *p' bits select source address mode 2. 

The 's' bits select the address of the Ws source register, 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPl W5 
Before Instruction 



; Compare 



After Instruction 



CPB Compare Wb with Ws with Borrow, set status flags 

Syntax: {label:} CPB{.b} Wb! Ws 

[Ws] 
[Ws]++ 
[Ws]- 
[Ws++] 
[Ws-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; Ws e [WO ... W15] 
(Ws) - (Wb) - (C) 
C, DC, N, OV, Z 



1110 


0001 


lwww 


wBOO 


Oppp 


ssss 



Compute (Ws) - (Wb) - (c), equivalent to SUBRB instruction, then set flags 
but do not store result. 

The 'B' bit selects byte or word operation. 

The 'p' bits select source address mode 2. 

The 'w' bits select the address of the Wb source register. 

The 's' bits select the address of the Ws source register. 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPB W5,W6 
Before Instruction 



;Skip 



After Instruction 



CPBLS 



Syntax: 



Compare Wb with Iit5 with borrow, Set status flags 



{label:} CPB{.b} Wb, Iit5 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wbe [WO... W15]; litS e [0...31] 
(Wb) - Iit5 - (C) 
C, DC, N, OV, Z 



1110 


0001 


lwww 


wBOO 


011k 


kkkk 



Compute (Wb) - Iit5, set flags but do not store result. 

The 'B' bit selects byte or word operation. 

The W bits select the address of the Wb source register. 

The 'k' bits provide the literal operand, a five bit integer number. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPB W5, #30 
Before Instruction 



After Instruction 



CPF 



Syntax: 



Compare f with Ww, Set status flags 



{label:} CP{.b} f 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



f e [0...8191] 

(f) - (Ww) 

C, DC, N, OV, Z 



1110 


0011 


OBOf 


f f f f 


f fff 


f ff f 



Compute (f) - (Wd), set flags but do not store result. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



CP RAM135 
Before Instruction 



; Compare 



After Instruction 



CPFO 



Syntax: 



Compare f with 0x0000, Set status flags 



{label:} CPO{.b} f 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f € [0... 8191] 
(f) - 0x0000 
C, DC, N, OV, Z 



1110 


0010 


OBOf 


ffff 


ffff 


ffff 



Compute (f) - 0x0000, set flags but do not store result. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPO 

Before Instruction 



53 



; Compare 



After Instruction 



CPF1 



Syntax: 



Compare f with OxFFFF, Skip if Equal (f = OFFFFh) 



{label:} CP1{.b} f 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f € [0... 8191] 
(f) - OxFFFF 
C, DC, N, OV, Z 



1110 


0010 


lBOf 


ffff 


ffff 


ffff 



Compute (f) - OxFFFF, set flags but do not store result. 

The 'B' bit selects byte or word operation. 

The f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPl 53 
Before instruction 



; Compare 



After Instruction 



CPFB 



Syntax: 



Compare f with Ww with Borrow, Set status flags 



{label:} CPB{.b} f 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f g [0...8191] 
(f) - (Ww) - (C) 
C, DC, N, OV, Z 



1110 


0011 


lBOf 


ffff 


ffff 


ffff 



Compute (f) - (Ww) - (C), set flags but do not store result. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



CPB RAM135 
Before instruction 



; Compare RAM135-Ww 



After Instruction 



CPFSEQ 



Syntax: 



Compare f with Ww, Skip if Equal (f = Ww) 



{label:} CPFSEQ{.b} f 



Operands: f e [0... 8191] 

Operation: (f) - (Ww) 

Skip if (f) = (Ww) 

Status Affected: None 



1110 


0111 


lBOf 


ffff 


ffff 


ffff 



Description: Compares the contents of data memory location T to the contents of working 

register Ww by performing a subtraction. 

If (f) = (Ww) then the fetched instruction is discarded and on the next cycle a 
NOP is executed instead. 



The 'B' bit selects byte or word operation. 
The f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a word 
operation, but it is not required. 



Words: 1 
Cycles: 1 (2 or 3) 

Examples 



Examplel CPFSEQ RAM135 ; Compare 

Before Instruction 



After Instruction 



CPFSGT 



Syntax: 



Signed Compare f with Ww, Skip if Greater Than (f >Ww) 



{label:} CPFSGT{.b} f 



Operands: 



Description: 



f € [0 ... 8191] 



Operation: 


(f)-(Wd) 

Skip if (f) > (Wd) 










Status Affected: 


None 












Encoding: 


1110 


0110 


OBOf 


ffff 


ffff 


ffff 



Compares the contents of data memory location T to the contents of working 
register Ww by performing a subtraction. 

If (f) > (Ww) then the fetched instruction is discarded and on the next cycle a 
NOP is executed instead. 



The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 (2 or 3) 

Examples 

Examplel CPFSGT RAM135 ; Compare 

Before instruction 



After Instruction 



CPFSLT 



Syntax: 



Signed Compare f with Ww, Skip if Less Than (f < Ww) 



{label:} CPFSLTf.b} f 



Operands: f e [0 ... 8191] 

Operation: (f) - (Ww) 

Skip if (f) < (Ww) 

Status Affected: None 



1110 


0110 


lBOf 


ff f f 


ffff 


ffff 



Description: Compares the contents of data memory location T to the contents of work- 

ing register Ww by performing a subtraction. 

If (f) < (Ww) then the fetched instruction is discarded and on the next cycle a 
NOP is executed instead. 



The 'B' bit selects byte or word operation. 
The 'f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 (2 or 3) 

Examples 

Examplel CPFSLT RAM135 ; Compare 

Before Instruction 



After Instruction 



CPFSNE 



Syntax: 



Signed Compare f with Ww, Skip if not Equal (f * Ww) 



{label:} CPFSNE{.b} f 



Operands: 



Description: 



f e [0 ...8191] 



Operation: 


(f) - (Ww) 

Skip if (f) * (Ww) 










Status Affected: 


None 












Encoding: 


1110 


0111 


OBOf 


ffff 


ffff 


ffff 



Compares the contents of data memory location T to the contents of working 
register Ww by performing a subtraction. 

If (f) * (Ww) then the fetched instruction is discarded and on the next cycle a 
NOP is executed instead. 



The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



1 

1 (2 or 3) 

CPFSNE RAM135 
Before Instruction 



; Compare 



After Instruction 



CPLS 



Syntax: 



Compare Wb with Iit5, Set status flags 



{label:} CP{.b} Wb, Iit5 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wbe [WO... W15]; Iit5 e [0... 31] 

(Wb) - fits 

C, DC, N, OV, Z 



1110 


0001 


Owww 


wBOO 


011k 


kkkk 



Compute (Wb) - Iit5, set flags but do not store result. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the Wb base register. 

The 'k' bits provide the literal operand, a five bit integer number. 



Note: 



The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



CP W5, #30 

Before Instruction 



After Instruction 



DAW 



Decimal Adjust Wn 



Syntax: 



{label:} 



DAW.b 



Wn 



Operands: 
Operation: 



Wne [WO... W15] 

If [Wn<3:0> >9] or [DC = 1] then 

(Wn<3:0>) + 6 -> Wn<3:0> 
else 

(Wn<3:0>) -» Wn<3:0>; 

If [Wn<7:4> >9] or [C = 1]then 
(Wn<7:4>) + 6 -> Wn<7:4> 
else 

(Wn<7:4>) -» Wn<7:4>; 



Status Affected: 

Encoding: 

Description: 



1111 


1101 


0100 


0000 


0000 


ssss 



DAW adjusts the eight bit value in Wn (LSB's) resulting from the earlier 
addition of two variables (each in packed BCD format) and produces a cor- 
rect packed BCD result. 

The 's' bits select the address of the source register. 



Note: This instruction operates in byte mode only. 

Note: The .b extension must be included with the opcode. 



Examples 



Words: 
Cycles: 

Examplel 



DAW.b W5 
Before Instruction 



; Decimal adjust 



After Instruction 



DEC 



Decrement Ws 



Syntax: {label:} DEC{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws--], [Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws g [WO ... W15]; Wd e [WO ... W15] 
(Ws) - 1 -> Wd 
C, DC, N, OV, Z 



1110 


1001 


OBqq 


qddd 


dppp 


ssss 



Subtract one from the contents of the source register Ws and place the 
result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The 'q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



DEC W5,W7 
Before Instruction 



; Decrement 



After Instruction 



DEC2 



Decrement Ws by 2 



Syntax: {label:} DEC2{.b} Ws, Wd 

[Ws], [Wd] 



[Ws]++, [Wd]++ 

[Ws]~, [Wd]» 

[Ws++], [Wd++] 

[Ws--], [Wd-] 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Ws e [WO ... W15]; Wd e [WO ... W15] 
(Ws) - 2 -» Wd 
C, DC, N, OV, Z 



1110 


1001 


iBqq 


qddd 


dppp 


ssss 



result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The 'q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



DEC2 W5,W7 
Before Instruction 



; Decrement 



After Instruction 



DECF 



Syntax; 



Decrement f 



{label:} DEC{.b} f { f Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f g [0... 8191] 

(f) - 1 -> destination designated by D 
C, DC, N, OV, Z 



1110 


1101 


OBDf 


ffff 


ffff 


ffff 



wuuuo^i ui io ii^iii me uvjiiciiio ui uic i lie icyioiei diiu yiaots uiw it?&Ull III Uie 

destination designated by D: If the optional Ww is specified, D=0 and store 
result in Ww; otherwise, D=1 and store result in the file register. 

The 'B' bit selects byte or word operation. 
The f bits select the address of the file register. 
The 'D' bit selects the destination. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



DECF RAMI 35 
Before Instruction 



; Decrement 



After Instruction 



DECFSNZ 



Syntax: 



Decrement f, Skip if Not Zero 



{label:} DECSNZ{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0 ...8191] 

(f) - 1 -> destination designated by D; skip if result * 0 
None 



1110 


0101 


lBDf 


ffff 


ffff 


ffff 
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destination designated by D: If the optional Ww is specified, D=0 and store 
result in Ww; otherwise, D=1 and store result in the file register, if the result 
# 0, then the fetched instruction is discarded and on the next cycle a NOP is 
executed instead. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination 

The f bits select the address of the file register. 

Note: The extension ,b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 
Cycles: 1 (2 or 3) 

Examplel DECSNZ RAMI 35, Ww ; Decrement 

Before Instruction 



After Instruction 



DECFSZ 



Decrement f, Skip if Zero 



Syntax: 



{label:} DECSZ{.b} 



f 



{,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0 ... 8191] 

(f) - 1 -» destination designated by D; skip if result = 0 
None 



1110 


0101 


OBDf 


ffff 


ffff 


ffff 



Subtract one from the contents of the file register and place the result in the 
destination designated by D: If the optional Ww is specified, D=0 and store 
result in Ww; otherwise, D=1 and store result in the file register. If the result 
= 0, then the fetched instruction is discarded and on the next cycle a NOP 
is executed instead. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination 

The 'f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



1 

1 (2 or 3) 

DECSZ RAM135,Ww 
Before Instruction 



; Decrement 



After Instruction 



DISI 



Disable Interrupts 



Syntax: 



{label:} 



DISI 



Iit14 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 

Words: 
Cycles: 

Examplel 



Iit14e [0... 16384] 

Disable interrupts for Iit14 cycles 

None 



1111 


1100 


OOkk 


kkkk 


kkkk 


kkkk 



This instruction disables the interrupts for Iit14 instruction cycles after the 
instruction executes. This instruction can be used before critical code sec- 
tions to ensure un-interrupted execution. 

1 

1 



DISI 



Before Instruction 



#30 



; Disable interrupts for next 30 instruc- 
tion cycles 



After Instruction 



DIV 



Divide TBD 



Syntax: 



{label:} DIV 



TBD 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



TBD 
TBD 
TBD 



1101 


lOOx 


xxxx 


xxxx 


xxxx 


xxxx 



TBD 

Note: Word operation is assumed. 
1 

TBD 

DIV TBD 
Before Instruction 



; Divide 



After Instruction 



DO 

Initialize Hardware loop 



Syntax: {label:} DO Slit16, Iit14 



Examples 



Operands: 
Operation: 



Status Affected: 
Encoding: 

Description: 



Words: 
Cycles: 

Examplel 



Slit16e [-32768 ... +32767]; 
Iit14e [0... 16383] 

Push Shadows 

(Iit14) -> DOCOUNT (Loop Count Register) 
(PC)+4 -> PC 

(PC) -> DOSTART (Loop Start Register) 

(PC) + (2*Siit16) -> DOEND (Loop End Register) 

Enable Code Looping 

None 



0000 


1000 


OOkk 


kkkk 


kkkk 


kkkk 


0000 


0000 


nnnn 


nnnn 


nnnn 


nnnn 



Repeat lit"! 4 times the code segment delineated by the address of the 
instruction immediately following the DO instruction and an end address 
formed by the address of the first instruction plus offset Slit16. 

The 'k' bits specify the loop count. 

The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+4) of the last instruction executed in the loop. 

Note 1 : The value k = 0 is invalid. 

2: The value n=,-1 is invalid. The DO instruction is not allowed to 
generate a DO loop only including itself. 

3: n=0 will generate a loop size of 1 word (same as REPEAT 
instruction except instruction is fetched every iteration). 

2 

2 + n*(# of cycles required to execute loop) 



DO #5, #6 

Before Instruction 



; Do next 5 instructions 6 times 



After Instruction 



DOW Initialize Hardware loop 

Syntax: {label:} DO Slit16, Wn" 



Operands: 
Operation: 



Status Affected: 

Encoding: 
Description: 



Slit16e [-32768 ... +32767]; 
Wne [WO... W15] 

Push Shadows 

(Wn) -> DOCOUNT (Loop Count Register) 
(PC)+4 -> PC 

(PC) DOSTART (Loop Start Register) 

(PC) + (2*Slit16) -> DOEND (Loop End Register) 

Enable Code Looping 

None 



0000 


1000 


1000 


0000 


0000 


ssss 


0000 


0000 


nnnn 


nnnn 


nnnn 


nnnn 



Repeat (Wn) times the code segment delineated by the address of the 
instruction immediately following the DO instruction and an end address 
formed by the address of the first instruction plus offset Slit16. 



The 's' bits specify the register Wn that contains the loop count 

(only the 14 LSBs of (Wn) are considered). 
The 'n' bits are a signed literal that specifies the number of instructions off- 
set from (PC+4) of the last instruction executed in the loop. 

Note 1 : The value (Wn) = 0 is invalid. 

2: The value n=,-1 is invalid. The DO instruction is not allowed to 
generate a DO loop only including itself. 

3: n=0 will generate a loop size of 1 word (same as REPEAT 
instruction except instruction is fetched every iteration). 

Words: 2 

Cycles: 2 + n*(# of cycles required to execute loop) 

Examples 

Examplel DO #5,W6 ; Do next 5 instructions (W6) times 

Before Instruction 



After Instruction 



ED 



Euclidean Distance 



Syntax: {label:} ED A, WrrfWm ,Wxp,[Wx] ,[Wy] 

B, ,Wxp,[Wx]+=kx ,[Wy]+=ky 

,Wxp,[Wx]-=kx * ,[Wy]-=ky * 

,Wxp,[W5+W8] ,[W7+W8] 
none none 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx,ky 

Wm*Wm € {WO*WO; W1*W1 ; W2*W2; W3*W3} 

Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 

Wy g {W6, W7}; ky g {-6, -4, -2, 2, 4, 6}; 

(Wm)*(Wm) -» ACC(A or B); 
([Wx]-{Wy])-» Wxp; (Wx)+kx->Wx; (Wy)+ky->Wy; 

OA, OB, SA, SB 



1111 


00mm 


Alxx 


OOii 


iij j 


jjll 



Instruction to compute (A-B) 2 functions. Prefetch computes difference of 
prefetched values. Then, the Wm register is squared. The 32-bit result is 
sign-extended to 40-bits and written to the specified accumulator. 
Wx register specifies the prefetch of the minuend register The prefetch is 
done with indirect, indirect with post inc/dec, indirect with register offset, 
copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the subtrahend register. Post-modify 
Wy as required. 

Wxp contains the difference result. 

The 'm' bits select the operand register Wm for the square: 

The 'A' bit selects the accumulator for the result. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch difference Wxp destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel ED A,W2*W2,W0>[W4]-=6,[W6] ; Euclidean Distance to ACCA 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8=1000 

W10 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 

ACCB = 3 

W0 = 17 

W1 = 18 

W2 = 7 

W3 = 8 

W8 = 994 

W10 = 2000 

RAM(994) = 3 

RAM(1000) = 17 

RAM(2000) = 18 



EDAC 



Square and Accumulate 



Syntax: {label:} EDAC A, WrrfWm ,Wxp,[Wx] ,Wyp,[Wy] ,AWB 

B, ,Wxp,[Wx]+=kx ,Wyp,[Wy]+=ky none 

,Wxp,[Wx]-=kx * ,Wyp,[Wy]-=ky * 

,Wxp,[W5+W8] ,Wyp,[W7+W8] 

none none 



' Alternate format for negative kx.ky 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



Wm*Wm e {W0*W0; W1*W1 ; W2*W2; W3*W3} 
Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 
Wy e {W6, W7}; ky € {-6, -4, -2, 2, 4, 6}; 
AWB e {W9, [W9]++} 

(ACC(A or B)) + (Wm)*(Wm) -> ACC(A or B); 

([Wx]-[Wy])-» Wxp; (Wx)+kx->Wx; (Wy)+ky->Wy; 
(ACC(B or A)) rounded -> AWB 

OA, OB, SA, SB 



4, 6}; 



1111 


00mm 


Alxx 


OOii 


iij j 


j jaa 



Instruction to compute (A-B) 2 functions. Prefetch computes difference of 

prefetched values. Then, the Wm register is squared. The 32-bit result is 

sign-extended to 40-bits and added to the specified accumulator. 

Wx register specifies the prefetch of the minuend register. The prefetch is 

done with indirect, indirect with post inc/dec, indirect with register offset, 

copy of the other prefetch or none. Post-modify Wx as required. 

Wy register specifies the prefetch of the subtrahend register. Post-modify 

Wy as required. 

Wxp contains the difference result. 

The 'm' bits select the operand register Wm for the square: 

The 'A' bit selects the accumulator for the result. The other accumulator is 

used for write back. 

The 7 bits select the Wx p re-fetch operation. 

The 'j 1 bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch difference Wxp destination. 

The 'a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel EDAC A S W2*W2,W0,[W4]-=6,W1,[W6],[W9]++ ; Square and Accumulate A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8=1000 

W1 0 = 2000 

RAM (994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 

ACCB = 3 

WO =17 

W1 = 18 

W2 = 7 

W3 = 8 

W8 = 994 

W1 0 = 2000 

RAM (994) = 3 

RAM(1000) = 17 

RAM(2000) = 18 



EXCH 



Exchange Ws and Wd 



Syntax: 



{label:} EXCH 



Wns, 



Wnd 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wns e [WO ... W15]; Wnd e [WO ... W15] 

(Wns) ^ (Wnd) 

None 



1111 


1101 


0000 


Oddd 


dOOO 


ssss 



This instruction exchanges the contents of two working registers. 

The 's' bits select the address of one of the registers. 
The 'd' bits select the address of the other register. 



Examples 



Words: 
Cycles: 

Examplel 



Note: Word operation is assumed. 



EXCH W5,W6 
Before Instruction 



; Exchange W5 and W6 



After Instruction 



FBCL 



Find First Bit Change from Left 



Syntax: 



{label:} FBCL{.b} 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [WO... W15]; Wd - 

See description 

Z 



[WO ... W15] 



1101 


1111 


lBqq 


qddd 


dppp 


ssss 



Finds the first occurrence of a one (for a positive signed value) or zero (for a 
negative signed value) starting from the most significant bit after the sign bit 
working towards the least significant bit of the byte or word operand. The bit 
number will be placed in the destination effective address. 

A result of zero (Z=1) indicates the bit was not found. 

The 'B' bit selects byte or word operation. 

The ( s' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select address mode 1 (values 0-4), 

The 'q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension {.b} in the instruction denotes a byte operation 
rather than a word operation. You may use a [.w] extension to 
denote a word operation, but it is not required. 



Words: 
Cycles: 



Examples 



Examplel 



FBCL W5, W6 
Before Instruction 



; Find first not sign 



After Instruction 



FBCR Find First Bit Change from Right 

Syntax: {label:} FBCR{.b} 



Ws, 


Wd 


[Ws], 


[Wd] 


[Ws]++, 


[Wd]++ 


[Ws]--, 


[Wd]~ 


[Ws++], 


[Wd++] 


[Ws-], 


[Wd--] 



Operands: Ws e [WO ... W15]; Wd e [WO ... W15] 

Operation: See description 

Status Affected: Z 



Encoding: 



1101 


1111 


OBqq 


qddd 


dppp 


ssss 



Description: Finds the first occurrence of a bit different from bit<0> starting from bit<1 > 

working towards the most significant bit of the byte or word operand. The bit 
number will be placed in the destination effective address. 



A result of zero (Z=1) indicates the bit was not found. 

The 'B' bit selects byte or word operation. 
The 's' bits select the address of the source register. 
The 'd' bits select the address of the destination register. 
The 'p' bits select address mode 1 (values 0-4). 
The 'q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 

Cycles: 1 
Note: The result from a FBCR of the memory mapped Accumulator overflow byte can be directly 
used as the (signed) operand for a SFTA/B instruction to scale (shift right) the accumula- 
tor contents. 



Examplel 



FBCR W5,W6 
Before Instruction 



; Find first not sign 



After Instruction 



FFOL Find First Zero from Left 



Syntax: {label:} FF0L{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]», [Wd]» 

[Ws++], [Wd++] 

[Ws--], [Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws € [WO . 


. W15]; Wde [WO... W15] 






See description 
Z 










1100 


1110 


lBqq 


qddd 


dppp 


ssss 



Finds the first occurrence of a zero starting from the most significant bit 
working towards the least significant bit of the byte or word operand. The bit 
number will be placed in the destination effective address. 

The least significant bit is allocated number 1 , the most significant number 8 
(for byte operations) or 16 (for word operations). A result of zero (Z=1) indi- 
cates the bit was not found. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select address mode 1 (values 0-4). 

The 'q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension {.b} in the instruction denotes a byte operation 
rather than a word operation. You may use a [.w] extension to 
denote a word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel FFOL W5,W6 ; Find first zero 

Before Instruction 



After Instruction 



FFO R Find First Zer ° fr ° m Ri 9 ht 



Syntax: {label:} FFOR{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws-], [Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [W0...W15]; Wd e [WO, 
See description 



. W15] 



1100 


1110 


OBqq 


qddd 


dppp 


ssss 



Finds the first occurrence of a zero starting from the least significant bit 
working towards the most significant bit of the byte or word operand. The bit 
number will be placed in the destination effective address. 

The least significant bit is allocated number 1 , the most significant number 8 
(for byte operations) or 1 6 (for word operations). A result of zero (Z=1 ) indi- 
cates the bit was not found. 



The 'B' bit selects byte or word operation. 
The 's' bits select the address of the source register. 
The 'd' bits select the address of the destination register. 
The 'p' bits select address mode 1 (values 0-4). 
The *q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension {.b} in the instruction denotes a byte operation 
rather than a word operation. You may use a [.w] extension to 
denote a word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel FF0R W5,W6 ; Find first zero 

Before Instruction 



After Instruction 



FF1 L Find First ° ne fr ° m Left 



Syntax: {label:} FF1L{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Wsh [Wd]» 

[Ws++], [Wd++] 

[Ws--], [Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws e [WO . 


.W15]; Wde [W0...W15] 






See description 










Z 












1100 


1111 


lBqq 


qddd 


dppp 


ssss 



Finds the first occurrence of a one starting from the most significant bit 
working towards the least significant bit of the byte or word operand. The bit 
number will be placed in the destination effective address. 

The least significant bit is allocated number 1 , the most significant number 8 
(for byte operations) or 16 (for word operations). A result of zero (Z=1) indi- 
cates the bit was not found. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select address mode 1 (values 0-4). 

The 'q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension {.b} in the instruction denotes a byte operation 
rather than a word operation. You may use a [.w] extension to 
denote a word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



FF1L W5,W6 
Before Instruction 



; Find first one 



After Instruction 



FF1 R Find First ° ne from Ri 9 ht 



Syntax: {label:} FF1R{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]-, [Wd]-- 

[Ws++], [Wd++] 

[Ws-], [Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 
See description 



1100 


1111 


OBqq 


qddd 


dppp 


ssss 



Finds the first occurrence of a one starting from the least significant bit 
working towards the most significant bit of the byte or word operand. The bit 
number wiil be placed in the destination effective address. 

The least significant bit is allocated number 1 , the most significant number 8 
(for byte operations) or 16 (for word operations). A result of zero (Z=1) indi- 
cates the bit was not found. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The *p' bits select address mode 1 (values 0-4). 

The 'q' bits select address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension {.b} in the instruction denotes a byte operation 
rather than a word operation. You may use a [.w] extension to 
denote a word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel FF1R W5,W6 ; Find first one 

Before Instruction 



After Instruction 



GOTO 



Unconditional Branch 



Syntax: 



{label:} GOTO 



Iit23 



Operands: 
Operation: 
Status Affected: 
Encoding: 



Description: 



Iit23 e [0 ... 8388606] 

lit23 -» PC, NOP -> instruction Register. 

None 



1st word 


0000 


0100 


nnnn 


nnnn 


nnnn 


nnnO 


2nd word 


0000 


0000 


0000 


0000 


Onnn 


nnnn 



Unconditional branch to anywhere within the 4M instruction program mem- 
ory range. GOTO is always a two-cycle instruction. 

The 'n' bits form the target address. 



Examples 



Words: 
Cycles: 

Examplel 



2 
2 



GOTO label 
Before Instruction 



; Goto location at label 



After Instruction 



GOTOW 



Syntax: 



Unconditional Indirect Branch 



{label:} GOTO Wn 



Operands: 
Operation: 



Description: 



Wne [WO... W15] 

0 -» PC<22:17>, (Wn) -» PC<16:1>, 0 -> PC<0>; 
NOP -» Instruction Register. 



Status Affected: 


None 












Encoding: 


0000 


0001 


0100 


0000 


0000 


ssss 



memory range. GOTO is always a two-cycle instruction. 

The 16-bit value (Wn) is left shifted 1 bit, zero-extended and loaded into 
the PC. CALL is a two-cycie instruction. 

The 's' bits select the address of the source register. 



Examples 



Words: 
Cycles: 

Examplel 



GOTO W5 



; Goto location specified by contents 
ofW5 



Before Instruction 



After Instruction 



HALT 



Halt 



Syntax: 



{label:} 



HALT 



Examples 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Examplel 



none 

No Operation, HALT 
None 



1111 


1110 


0010 


0000 


0000 


0000 



Stop the processor in an emulation environment. 



HALT 
Before Instruction 



;Halt 



After Instruction 



INC 



Increment Ws 



Syntax: 



{label:} INC{.b} 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 
(Ws) + 1 ->Wd 
C, DC, N, OV, Z 



1110 


1000 


OBqq 


qddd 


dppp 


ssss 



Add one to the contents of the source register Ws and place the result in the 
destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The 'q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



INC W5,W7 
Before Instruction 



; Increment 



After Instruction 



INC2 



Increment Ws by 2 



Syntax: 



{label:} 



INC2 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 

[Ws++]. 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [WO... W15]; Wde [WO, 
(Ws) + 2 -» Wd 
C, DC, N, OV, Z 



W15] 



1110 


1000 


IBqq 


qddd 


dppp 


ssss 



Add two to the contents of the source register Ws and place the result in the 
destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'cT bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The £ q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



INC W5,W7 
Before Instruction 



; Increment 



After Instruction 



INCF 



Syntax; 



Increment f 



{label:} INC{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f € [0...8191] 

(f) + 1 -» destination designated by D 
C, DC, N, OV, Z 



1110 


1100 


OBDf 


ffff 


ffff 


ffff 



Add one to the contents of the file register and place the result in the desti- 
nation designated by D: If the optional Ww is specified, D=0 and store result 
in Ww; otherwise, D=1 and store result in the file register. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 
The 'D' bit selects the destination. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



INC RAMI 35 
Before Instruction 



; Increment 



After instruction 



INCFSNZ 



Syntax: 



Increment f , Skip if Not Zero 



{label:} INCSNZ{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0...8191] 

(f) + 1 -» destination designated by D; skip if result * 0 
None 



1110 


0100 


lBDf 


ffff 


fff f 


ffff 



Add one to the contents of the file register and place the result in the desti- 
nation designated by D: If the optional Ww is specified, D=0 and store result 
in Ww; otherwise, D=1 and store result in the file register. If the result * 0, 
then the fetched instruction is discarded and on the next cycle a NOP is 
executed instead. 



The ( B' bit selects byte or word operation. 

The 'D' bit selects the destination 

The T bits select the address of the file register. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 (2 or 3) 

Examples 

Examplel INCSNZ RAM135,Ww ; Increment 

Before Instruction 



After Instruction 



INCFSZ 



Syntax: 



Increment f , Skip if Zero 



{label:} INCSZf.b} f {,Ww} 



Operands: f e [0 ... 8191] 

Operation: (f) + 1 -» destination designated by D; skip if result = 0 

Status Affected: None 



1110 


0100 


OBDf 


ffff 


ffff 


ffff 



Description: Subtract one from the contents of the file register and place the result in the 

destination designated by D: If the optional Ww is specified, D=0 and store 
result in Ww; otherwise, D=1 and store result in the file register. If the result 
= 0, then the fetched instruction is discarded and on the next cycle a NOP 
is executed instead. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination 

The T bits select the address of the file register. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 (2 or 3) 

Examples 

Examplel INCSZ RAM135,Ww ; Increment 

Before Instruction 



After Instruction 



IOR 



Inclusive Or Wb and Ws 



Syntax: 



{label:} IOR{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Examples 



Words: 
Cycles: 

Examplel 



Wb € [WO ... W15]; Ws e [WO ... W15]; Wd € [WO 

(Wb).IOR.(Ws)->Wd 

N,Z 



, W15] 



0111 


Owww 


wBqq 


Qddd 


dppp 


ssss 



lor the contents of the source register Ws and the contents of the base reg- 
ister Wb and place the result in the destination register Wd. 

The ( B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



IOR W5,W6,W7 
Before Instruction 



; Inclusive Or 



After Instruction 



IORLS 



Inclusive Or Wb and Short Literal 



Syntax: 



{label:} IOR{.b} 



Wb 



litS 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb € [WO ... W15]; Iit5 € [0 ... 31]; Wd e [WO ... W15] 

(Wb).IOR.Iit5->Wd 

N,Z 



0111 


Owww 


wBqq 


qddd 


dllk 


kkkk 



Compute the Inclusive Or of the contents of the base register Wb and the lit- 
eral operand and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The W bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



IOR W5,#12,W7 
Before Instruction 



; Add 



After Instruction 



IORLW 



Syntax: 



Inclusive Or Literal and Wn 



{label:} iOR{.b} SlitIO, Wn 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



SlitIO e [-512 ...511]; Wn e [WO. 

Slit10.IOR.(Wn)->Wn 

N, Z 



W15] 



1011 


0011 


OBkk 


kkkk 


kkkk 


dddd 



Compute the Inclusive Or of the literal operand and the contents of the 
working register Wn and place the result in the working register Wn, 

The 'B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The 'k' bits specify the literal operand, a signed 10-bit number. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



IOR #123,W7 
Before Instruction 



; Inclusive Or 



After Instruction 



IORWF 



Inclusive Or f and Ww 



{label:} IOR{.b} f {,Ww} 



Operands: f e [0... 8191] 

Operation: (f).IOR.(Ww) h> destination designated by D 

Status Affected: N, Z 



Encoding; 



1011 


0111 


OBDf 


ffff 


ffff 


ffff 



Description: Compute the IOR of the contents of the working register and the contents of 

the file register and place the result in the destination designated by D: If the 
optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 and 
store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The V bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 

Words: 1 
Cycles: 1 

Examples 

Examplel IOR RAM135,Ww ; Inclusive Or 

Before Instruction 



After Instruction 



ITCH 



Pop Shadow Registers 



Syntax: 



{label:} 



TORS 



Examples 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Examplel 



None 

Pop shadow registers 
All 



1111 


1110 


1000 


0000 


0000 


0000 



The values in the shadow registers are copied into the primary registers. 

1 

1 



ITCH 
Before Instruction 



;Itch 



After instruction 



LAC 



Load Accumulator A 



Syntax: {label:} LAC A, Wns, [, Slit4] 

B, [Wns], 
[Wns]++ 
[Wns]-- 
[Wns--], 
[Wns+Wb], 
[Wns+lit5] 



Operands: Wns e [WO ... W1 5]; 

Wbe [W0...W15]; Iit5e [0 ...31] 
Slit4 e [-8 ... +7] 

Operation: Shift S j it4 (Extend(Wns)) -» ACC 

Status Affected: None 



1100 


1010 


Awww 


wrrr 


rggg 


ssss 



Description: Read the contents of the effective address. Optionally shift, then place 

result in accumulator. 



The value contained at the effective address is assumed to be Q15 frac- 
tional data and is automatically sign-extended (through bit 39) and 
zero-backfilled (bits [15:0]) prior to shifting. 

The 'A' bits specify the destination accumulator. 
The £ s' bits specify the source register Wns. 
The £ g' bits select source address mode 3. 

The V bits specify the offset amount Iit5 OR the offset register Wb. 

The 'r' bits encode the optional operand Slit4 which determines the amount 

of the accumulator preshift; if the operand Slit4 is absent, a 0 is encoded. 

See Table 1-7 for modifier addressing information. 



Note: Positive values of operand SIM represent arithmetic shift right. 
Negative values of operand S!it4 represent shift left. 

Words: 1 
Cycles: 1 

Examples 

Examplel LAC A,W5 ; Load Accumulator A 

Before Instruction 



After Instruction 



LDW 



Move f to Wn 



Syntax; {label:} MOV f, Wn 



Operands: 



Description: 



f e [0 ... 65535]; 



Operation: 
Status Affected: 


Wn e [WO . 
(f) -» Wn 
None 


W15] 










Encoding: 


1000 


dddd 


ffff 


ff ff 


ffff 


ffff 



Moves contents of any file register to a specified W register. 

The f bits select the address of the file register. 

The 'd' bits select the address of the destination register. 

Note: This instruction only operates on word operands. 



Examples 



Words: 
Cycles: 

Examplel 



MOV 
Before Instruction 



RAM100,W6 



; Move RAM100 to W6 



After Instruction 



LDDW Double word move from Ws to W register pair 

Syntax: {label:} MOV.D Ws] Wnd 

[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 
none 



Operands: 
Operation: 



Description: 



Wse [WO ... W15]; 
Wnde [WO... W14] 

See Section 5.6 



Status Affected: 


None 












Encoding: 


1011 


1110 


0000 


Oddd 


Oppp 


ssss 



This instruction supports fast context switch by loading a register pair in one 
cycle. 



The assembly nmemonic "POP.D Wnd" translates to the "LDDW 
(W15++),Wnd" instruction. 

The 's' bits select the address of the first source register. 
The 'd' bits select the address of the destination register. The least signifi- 
cant bit of the 'd' field must be '0'. 
The l p' bits select source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 



Note: This instruction only operates on double word operands. 



Examples 



Words: 1 
Cycles: 1 

Examplel MOV.D W6 ; Pop W7 then W6 from stack 

Before Instruction 



After Instruction 



LDQW 



Quad word move from Ws to W register quad 



Syntax: 



{label:} 



MOV.Q 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws--], 



Wnd 



Operands: 

Operation: 
Status Affected: 
Encoding: 
Description: 



Wse [WO ... W15]; 
Wnd e [W0,W4,W8,W12] 

See Section 5.6 

None 



1011 



1110 



0100 



OddO 



Oppp 



ssss 



This instruction supports fast context switch by loading a register quad in 
two cycles. 

The assembly nmemonic "POP.Q Wnd" translates to the "LDQW 
(W15++),Wnd" instruction. 

The 's' bits select the address of the first source register. 
The 'd' bits select the address of the destination register. The least signifi- 
cant 2 bits of the 'd' field must be '0'. 
The 'p' bits select source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 
Note: This instruction only operates on quad word operands. 



Examples 



Words: 
Cycles: 

Examplel 



MOV.Q W4 
Before Instruction 



; Pop W7,W6,W5,W4 from stack 



After Instruction 



LN K Allocate Stack Frame 



Syntax: {label:} LNK Iit14 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Iit14e [0... 16384] 

(W14)-»[W15]«; 

(W15)->W14; 

(W15)-lit14-»W15 

None 



1111 


1010 


OOkk 


kkkk 


kkkk 


kkkk 



This instruction allocates a stack frame of size Iit14 and adjusts the stack 
pointer and frame pointer. 

The 'k' bits specify the size of the stack frame. 



Examples 



Words: 
Cycles: 



Examplel 



LS R Logical Shift Right Ws 



Syntax: {label:} LSR{.b} Ws, Wd 

[Ws], [Wd] 



[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws--], [Wd--] 



Operands: 
Operation: 



Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

0 -» Wd<1 5>, (Ws<1 5: 1 >) -» Wd<1 4:0>, (Ws<0>) -» C 
For byte operation: 

0 _» Wd<7>, (Ws<7:1>) -4 Wd<6:0>, (Ws<0>) -> C 





o— 




Ha 










Status Affected: 


C, N, OV, Z 












Encoding: 


1101 


0001 


OBqq 


qddd 


dppp 


ssss 



Shift the contents of the source register Ws one bit to the right and place the 
result in the destination register Wd. The Carry Flag bit is set if the LSB of 
Ws isT. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2, 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



LSR W5,W6 
Before Instruction 



; Shift right 



After Instruction 



LSRF 



Logical Shift Right f 



Syntax: 



{label:} LSR{.b} 



f 



{,Ww} 



Operands: 
Operation: 



Description: 



f e [0 ... 8191] 

For word operation: 

0->Dest<15>, (f<15:1>)->Dest<14:0>, (f<0>)-»C 
For byte operation: 

0 _» Dest<7>, (f<7:1 >) -» Dest<6:0>, (f<0>) -» C 









He] 










Status Affected: 


C, N, OV, Z 












Encoding: 


1101 


0101 


OBDf 


ffff 


ffff 


ffff 



Shift the contents of the file register f one bit to the right and place the result 
in the destination designated by D: If the optional Ww is specified, D=0 and 
store result in Ww; otherwise, D=1 and store result in the file register. The 
carry flag bit is set if the LSB of the file register is T. 

The 'B' bit selects byte or word operation. 

The £ D' bit selects the destination. 

The ( s' bits select the address of the working register 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



LSR RAM135, Ww 
Before Instruction 



; Shift right 



After Instruction 



LSRK 



Logical Shift Right by Short Literal 



Syntax: 



{label:} LSR 



Wb, 



lits, 



Wnd 



Operands: 
Operation: 



Wb g [WO ... W15]; litS e [0...31]; Wnd e [WO ... W15] 
lit5<3:0>~>Shift_Val 

0->Shift_l n<39:32> 

Wb<15:0>-»ShiftJn<31:16> 

0-*ShiftJn<15:0> 

0^Shift_Out<39:32-Shift_Val> 

Shift_ln<31 :Shift_Val>->Shift_Out<31 -Shift_Val:0> 

If Iit5<4>==0: (less than 16) 

ShifLOut<31:16>-»Wnd 

Shift_Out<1 5:0>->CARRY1 

O^CARRYO 
If Iit5<4>==1 : (16 or greater) 

0^Wnd<15:0> 

Shift_Out<31 :16>h>CARRY1 

Shift Out<15:0>^CARRY0 



Description: 



Status Affected: 


C,SZ,Z 












Encoding: 


1101 


1101 


lwww 


wddd 


dllk 


kkkk 



Logical shift right the contents of the source register Wb by Iit5 bits (up to 31 
positions), placing the result in the destination register Wnd. Bits that are 
shifted beyond the rightmost position of the source are stored in the 
CARRY 1 and CARRYO registers. 

The 2 and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



EXAMPLES: 



LSRW 



Logical Shift Right by Wns 



Syntax: 



{label:} LSR 



Wb, 



Wns, 



Wnd 



Operands: 
Operation: 



Wb g [WO ... W15]; Wns € [WO ...W15]; Wnd e [WO ... W15] 
Wns<3:0>->Shift_Val 

0->Shift_ln<39:32> 

Wb<15:0>->Shift_ln<31:16> 

0->ShiftJn<15:0> 

0^Shift_Out<39:32-Shift_Val> 

Shift Jn<31 :Shift_Vai>->Shift_Out<31 -Shift_Val:0> 

ifWns<4>==0: (less than 16) 

Shift_Out<31:16>-»Wnd 

Shift_Out<1 5:0>->CARRY1 

0->CARRY0 
If Wns<4>==1 : (16 or greater) 

0-»Wnd<15:0> 

Shift_Out<31 : 1 6>->CARRY1 

Shift_Out<1 5:0>->CARRY0 



Description: 



Status Affected: 


c,sz,z 












Encoding: 


1101 


1101 


Iwww 


wddd 


dOOO 


ssss 



Logical shift right the contents of the source register Wb by Wns bits (up to 
31 positions), placing the result in the destination register Wnd. Bits that are 
shifted beyond the rightmost position of the source are stored in the 
CARRY1 and CARRYO registers. 

The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



EXAMPLES: 



MAC 



Multiply and Accumulate 



Syntax; {label:} MAC A, Wm*Wn ,Wxp,[Wx] 

B, ,Wxp,[Wx]+=kx 
,Wxp,[Wx]-=kx * 
,Wxp,[W5+W8] 
none 



.Wyp,[Wy] ,AWB 
,Wyp,[Wy]+=ky none 
,Wyp,[Wy]-=ky * 

,wyp,[W7+W8] 

none 



Operands: 



Operation: 



Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx,ky 

WrrTWn e {W0*W1 ; W0*W2; W0*W3; W1*W2; W1*W3; W2*W3} 
Wxp g {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 
Wyp g {WO ... W3}; Wy g {W6, W7}; ky e {-6, -4, -2, 2, 4, 6}; 
AWB e {W9, [W9]++} 

(ACC(A or B)) + (Wm)*(Wn) -> ACC(A or B); 
([Wx])->Wxp; (Wx)+kx->Wx; 
([Wy])-> Wyp; (Wy)+ky->Wy; 
(ACC(B or A)) rounded -» AWB 

OA, OB, SA, SB 



1100 


Ommm 


AOxx 


yyii 


iij j 


j jaa 



Signed, fractional or integer multiply the contents of two W registers. The 
32-bit result is sign-extended to 40-bits and added to the specified accumu- 
lator. 

Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded con- 
tents of other accumulator, if required. 

The £ m' bits select the operand registers Wm and Wn for the multiply: 
The 'A' bit selects the accumulator for the result. The other accumulator is 
used for write back. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The ( x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The c a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MAC A,W2*W3,W0=[W4]-=6,W1=[W6],[W9]++ ; Multiply and Accumulate A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8=1000 

W1 0 = 2000 

RAM{994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 

ACCB = 3 

WO = 17 

W1 = 18 

W2 = 7 

W3 = 8 

W8 = 994 

W1 0 = 2000 

RAM(994) = 3 

RAM(1000) = 17 

RAM(2000) = 18 



MOV 



Move Ws to Wd 



Syntax: {label:} MOV{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++ [Wd]++ 

[Ws]-- [Wd]~ 

[Ws--], [Wd-] 

[Ws+Wb], [Wd+Wb] 

[Ws+lit5], [Wd+lit5] 



Operands: 



Operation: 



Description: 



Ws g [WO ... W15]; Wd e [WO ... W15]; 
Wbe [WO ... W15]; Iit5 e [0...31] 

(EAs) -> EAd 



Status Affected: 


None 












Encoding: 


0111 


lwww 


wBhh 


hddd 


dggg 


ssss 



Move the contents of the source register into the destination register. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'g' bits select source address mode 3. 

The 'h' bits select destination address mode 3. 

The V bits define the addressing mode literal 'lit5' or offset Wb; these bits 
are shared by source and destination addresses. 



See Table 1-7 and Table 1-8 for modifier addressing information. 

The assembly nmemonics PUSH Ws and POP Wd translate to MOV. 

Note: The extension .b in the instruction denotes a byte move rather than 
a word move. You may use a .w extension to denote a word move, 
but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel MOV W5,W6 ; Move W5 to W6 

Before Instruction 



After Instruction 



NEGAB 



Negate Accumulators 



Syntax: {label:} NEG A 

B 



Examples 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Words: 
Cycles: 

Examplel 



none 

if (NEGAB A) then -ACCA -> ACCA 
if (NEGAB B) then -ACCB -> ACCB 

OA, OB, SA, SB 



1100 


1011 


A001 


0000 


0000 


0000 



Negate Accumulator. 

The W bits specify the selected accumulator. 



NEG B 
Before Instruction 



; Negate ACCB, result to ACCB 



After Instruction 



NEG Negate Ws 



Syntax: {label:} NEG{.b} Ws, Wd 

[Ws], [Wd] 



[Ws]++, [Wd]++ 

[Ws]--, [Wd]» 

[Ws++], [Wd++] 

[Ws-], [Wd~] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 
(Ws) + 1 ->Wd 
C, DC, N, OV, Z 



1110 


1010 


OBqq 


qddd 


dppp 


ssss 



Compute the 2's complement of the contents of the source register Ws and 
place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select the source address mode 2 (values 0-4). 

The 'q' bits select the destination address mode 2 (values 0-4). 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



NEG W5,W7 
Before Instruction 



; Negate 



After Instruction 



NEGF 

Syntax: 



Negate f 

{label;} NEG{.b} 



tWw} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0 ... 8191] 

(f) + 1 -> destination designated by D 
C, DC, N, OV, Z 



1110 


1110 


OBDf 


ffff 


ffff 


ffff 



Compute the 2's complement of the contents of the file register and place 
the result in the destination designated by D: If the optional Ww is specified, 
D=0 and store result in Ww; otherwise, D=1 and store result in the file regis- 
ter. 



The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 
The 'D' bit selects the destination. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



NEG RAM135 
Before Instruction 



; Negate 



After Instruction 



NOP 



No Operation 



Syntax: 



{label:} NOP 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 

Words: 
Cycles: 

Examplel 



None 

No Operation 
None 



0000 


0000 


xxxx 


xxxx 


xxxx 


xxxx 



No Operation is performed. 

The £ x' bits can take any value. 

1 

1 



NOP 
Before Instruction 



; No operation 



After Instruction 



NOPR 



No Operation 



Syntax: 



{label:} NOPR 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 

Words: 
Cycles: 

Examplel 



None 

No Operation 
None 



1111 


1111 


xxxx 


xxxx 


xxxx 


xxxx 



No Operation is performed. 

The 'x' bits can take any value. 

1 

1 



NOPR 
Before Instruction 



; No Opeation 



After Instruction 



POP 



Pop top of Return Stack 



Syntax: 



{label:} 



POP 



f 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



f € [0 ... 65534] 



(W15)+2-> W15 










(TOS) -»f 












None 












nil 


1001 


ffff 


ffff 


ffff 


ffff 



The stack pointer (W15) is pre-incremented and Top of Stack (TOS) value is 
pulled off the stack and written to the file register. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



POP RAM135 
Before Instruction 



;Pop 



After Instruction 



PUSH Push top of return stack (TOS) 

Syntax: {label:} PUSH f 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



f e [0... 65534] 
(0 ->(TOS) 



(W15)-2-> W15 










None 












mi 


1000 


ffff 


ffff 


ffff 


ffff 



The file register contents are written to the Top of Stack (TOS) location. 
Then the stack pointer (W15) is post decremented. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



PUSH RAMI 35 
Before Instruction 



;Push 



After Instruction 



RCALL 



Relative Call 



Syntax: 



{label:} RCALL 



Slit16 



Operands: 
Operation: 



Description: 



Slit16e [-32768... +32767] 

(PC) +2 -> PC, 
(PC<15:0>) ->TOS, 
(W15)+2->W15 
(PC<23:16>)->TOS, 
(W15)+2-» W15 

(PC) + (2 * Siit16) -» PC, NOP -» Instruction Register. 



Status Affected: 


None 












Encoding: 


0000 


0111 


nnnn 


nnnn 


nnnn 


nnnn 



Subroutine call with a jump up to 32K instructions from the current location. 
First, return address (PC+2) is pushed onto the return stack (20-bits wide). 

Then the sign extended 17-bit value (2 * Slitl 6) is added to the contents of 
the PC and the result is stored into the PC. RCALL is a two-cycle instruc- 
tion. 



Examples 



Words: 
Cycles: 

Examplel 



1 

2 



RCALL 
Before Instruction 



label 



; Call subroutine 



After Instruction 



RCALLW 



Computed Call 



Syntax: 



{label:} RCALL 



Wn 



Operands: 
Operation: 



Description: 



Wne [WO... W15] 

(PC) +2 -» PC, 
(PC<15:0>)->TOS, 
(W15)+2-> W15 
(PC<23:16>)->TOS, 
(W15)+2->W15 

(PC) + (2 * (Wn)) -> PC, NOP -» Instruction Register. 



Status Affected: 


None 












Encoding: 


0000 


0001 


0010 


0000 


0000 


ssss 



Computed subroutine call with a jump up to 32K instructions forward or 
back from the current location. First, return address (PC+2) is pushed onto 
the return stack. 



Then the sign extended 1 7-bit value (2 * (Wn)) is added to the contents of 
the PC and the result is stored into the PC. RCALLW is a two-cycle instruc- 
tion. 



Examples 



Words: 
Cycles: 

Examplel 



1 
2 



RCALL Wll 
Before Instruction 



; Call subroutine at PC+W11 



After Instruction 



REPEAT 



Syntax: 



Repeat next instruction n times 



{label:} REPEAT Iit14 



Operands: 
Operation: 



Description: 



Iit14e [1 ... 16383] 

(Iit14) -> LCR (Loop Count Register) 
(PC)+2 -> PC 
Enable Code Looping 



Status Affected: 


None 












Encoding: 


0000 


1001 


OOkk 


kkkk 


kkkk 


kkkk 



The instruction immediately following the REPEAT instruction is repeated 
Iit14 times. The repeated instruction is held in the instruction register for all 
iterations and so is fetched only once (during the REPEAT instruction, as 
would be expected). The first iteration of the repeated instruction 
pre-f etches the next instruction. 

The repeat count is decremented during each iteration. When it equals 
zero, the pre-f etch instruction is staged into the instruction and normal exe- 
cution continues. 

The repeated instruction can be interrupted before any iteration, but only by 
a priority 1 (fast context switch) interrupt. Subsequent interrupts must be 
held pending until the repeat operation is complete. Note that nested 
repeats (e.g. from within the interrupt service routine) are not supported. 

The 'k' bits are an unsigned literal that specifies the loop count. 



Examples 



Words: 
Cycles: 

Exarnplel 



1 

1 +Iit14 

REPEAT #5 
Before Instruction 



; Repeat next instruction 5 times 



After Instruction 



MOVF 



Move f to destination 



Syntax: 



{label:} MOV{.b} 



(,Ww) 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



f e [0... 8191]; 

(f) -» destination designated by D 
Z, N 



1011 


1111 


lBDf 


ffff 


ffff 


ffff 



Move the contents of the file register to the destination designated by D: if 
D=0, put the value into Ww, if D=1 the only effect is to modify the status 
flags, no writeback is required. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination, (0 for Wd, 1 for f). 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



MOV RAM433, Ww 
Before Instruction 



; Move File register 433 to Ww 



After Instruction 



MOVL Move 16-bit literal to Wd 

Syntax: {label:} MOV me 9 Wn" 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Iit16 e [-32768 ... 65535]; Wn £ [WO ... W15] 

Iit16 -> Wn 

None 



0010 


dddd 


kkkk 


kkkk 


kkkk 


kkkk 



The Literal 'k' is loaded into Wn register. 

The 'd' bits select the address of the working register. 
The 'k' bits specify the value of the literal. 



Examples 



Words: 
Cycles: 

Examplel 



MOV #64159, W5 
Before Instruction 



; Move 64 159 into W5 



After Instruction 



MOVLW 



Syntax: 



Move literal to Wn 



{label:} MOV{.b} SlitIO, Wn 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



SlitIO e [-512 ... 511]; Wn e [WO ... W15] 

SlitIO ->Wn 

None 



1011 


0011 


lBdd 


ddkk 


kkkk 


kkkk 



The Literal 'k' is loaded into Wn register. 

The 'B J bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The V bits specify the value of the literal. 

Note: The extension .b in the instruction denotes a byte move rather than 
a word move. You may use a .w extension to denote a word move, 
but it is not required. 



Examples 



Words: 
Cycles: 

Example 1 



MOV #159, W5 
Before Instruction 



;Move 159 into W5 



After Instruction 



MOVSAC 



Prefetch Operands and Store Accumulator 



Syntax: 



{label:} MOVSAC 



A, 
B, 



,Wxp,[Wx] 
,Wxp,[Wx]+=kx 
,Wxp,[Wx]-=kx* 
,Wxp,[W5+W8] 
none 



,Wyp,[Wy] 
,Wyp,[Wy]+=ky 
,Wyp,[Wy]-=ky* 
f Wyp,[W7+W8] 
none 



,AWB 
none 



' Alternate format for negative kx,ky 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, 
Wyp e {WO ... W3}; Wy e {W6, W7}; ky e {-6, 
AWB e {W9, [W9]++} 

([Wx])->Wxp; (Wx)+kx-»Wx; 
([Wy])->Wyp; (Wy)+ky->Wy; 
(ACC(B or A)) rounded -> AWB 

OA, OB, SA, SB 



■4, -2, 2, 4, 
■4, -2, 2, 4, 



6}; 

6}; 



1100 


0111 


AOxx 


yyii 


iij j 


j jaa 



Prefetch operands and optionally store accumulator results in preparation 
for a repeated MAC type instruction. 

Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

AWB specifies the direct or indirect store of the convergentiy rounded con- 
tents of other accumulator, if required. Note that the specification of (B or A) 
is consistant with the MAC instruction. For example, movsac a, w9 will 
store ACCB into W9. 

The 'A 1 bit selects the other accumulator used for write back. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The ( a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MOVSAC A,W0,[W4]-=6,W1,[W6],W9 ; Prefetch and move ACCB to W9 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8= 1000 

W1 0 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 



MOVWF 



Move Ww to F 



Syntax: 



{label:} MOV{.b} 



Ww, 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0... 8191] 
(Ww) -> f 
None 



1011 


0111 


lBlf 


ffff 


ffff 


ffff 



Move the contents of the working register into the file register. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte move rather than 
a word move. You may use a .w extension to denote a word move, 
but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



MOV Ww,213 
Before Instruction 



; Move Ww to File Register 213 



After Instruction 



MPY 



Multiply Wm by Wn to Accumulator 



Syntax: 



{label:} MPY 



A, Wm*Wn 
B, 



,Wxp,[Wx] 
,Wxp,[Wx]+=kx 
,Wxp,[Wx]-=kx * 
,Wxp,[W5+W8] 
none 



,Wyp,[Wy] 
,Wyp,[Wy]+=ky 
,Wyp,[Wy]-=ky * 
,Wyp,[W7+W8] 
none 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx.ky 

Wm*Wn g {W0*W1 ; W0*W2; W0*W3; W1*W2; W1*W3; W2*W3} 
Wxp g {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 
Wyp e {WO ... W3}; Wy e {W6, W7}; ky g {-6, -4, -2, 2, 4, 6}; 
AWB g {W9, [W9]++} 

(Wm)*(Wn) -> ACC(A or B); 
([Wx])->Wxp; (Wx)+kx-^Wx; 
([Wy])->Wyp; (Wy)+ky->Wy; 

OA, OB, SA, SB 



1100 


Ommm 


AOxx 


yyii 


iij j 


jjll 



Signed, fractional or integer multiply the contents of two W registers. The 
32-bit result is sign-extended to 40-bits and stored to the specified accumu- 
lator. 

Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

The 'm' bits select the operand registers Wm and Wn for the multiply: 

The TV bit selects the accumulator for the result. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The ( x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 



See Table 1-9 through Table 1-13 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MPY A,W2*W3,W0,[W5]-=6,W1,[W7] ; Multiply into Accumulator A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8= 1000 

W10 = 2000 

RAM(994)= 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 7*8=56 

ACCB = 3 

W0= 17 

W1 = 18 

W2 = 7 

W3 = 8 

W8 = 994 

W10 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 



MPYN 



Multiply -Wm by Wn to Accumulator 



Syntax: 



{label:} MPYN 



A, Wm*Wn 
B, 



,Wxp,[Wx] 
,Wxp,[Wx]+=kx 
,Wxp,[Wx]-=kx * 
,Wxp,[W5+W8] 
none 



,Wyp,[Wy] 
,Wyp,[Wy]+=ky 
,Wyp,[Wy]-=ky * 
,Wyp,[W7+W8] 
none 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx,ky 

Wm*Wn e {W0*W1 ; W0*W2; W0*W3; W1*W2; W1*W3; W2*W3} 
Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 
Wyp g {WO ... W3}; Wy g {W6, W7}; ky g {-6, -4, -2, 2, 4, 6}; 
AWB g {W9, [W9]++} 

-(Wm)*(Wn) -> ACC(A or B); 
([Wx])-»Wxp; (Wx)+kx-*Wx; 
([Wy])->Wyp; (Wy)+ky^Wy; 

OA, OB, SA, SB 



1100 


Ommm 


Alxx 


yyii 


iij j 


jjll 



Signed, fractional or integer multiply the contents of a W register by the 
negative of the contents of another W register. The 32-bit result is 
sign-extended to 40-bits and stored to the specified accumulator. 
Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

The ( m' bits select the operand registers Wm and Wn for the multiply: 

The ( A' bit selects the accumulator for the result. 

The T bits select the Wx pre-fetch operation. 

The 'j' bits select the Wy pre-fetch operation. 

The ( x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 



See Table 1-9 through Table 1-13 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



MSC 



Multiply and Subtract from Accumulator 



Syntax: {label:} MSC A, Wm*Wn ,Wxp,[Wx] ,Wyp,[Wy] 

B, ,Wxp,[Wx]+=kx ,Wyp,[Wy]+=ky 

,Wxp,[Wx]-=kx * ,Wyp,[Wy]-=ky * 

,Wxp,[W5+W8] ,Wyp,[W7+W8] 

none none 



,AWB 
none 



Operands: 



Operation: 



Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx.ky 

WnrfWn e {W0*W1 ; W0*W2; W0*W3; W1*W2; W1*W3; W2*W3} 
Wxp e {WO ... W3}; Wx e {W4, W5}; kx e {-6, -4, -2, 2, 4, 6}; 
Wyp g {WO ... W3}; Wy e {W6, W7}; ky € {-6, -4, -2, 2, 4, 6}; 
AWB e {W9, [W9]++} 

(ACC(A or B)) - (Wm)*(Wn) -> ACC(A or B); 
([Wx])-» Wxp; (Wx)+kx-^Wx; 
([Wy])->Wyp; (Wy)+ky->Wy; 
(ACC(B or A)) rounded -> AWB 

OA, OB, SA, SB 



1100 


Ommm 


Alxx 


yyii 


iij j 


j jaa 



Signed, fractional or integer multiply the contents of two W registers. The 
32-bit result is sign-extended to 40-bits andsubtracted from the specified 
accumulator. 

Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded con- 
tents of other accumulator, if required. 

The ( m' bits select the operand registers Wm and Wn for the multiply: 
The 'A' bit selects the accumulator for the result. The other accumulator is 
used for write back. 

The T bits select the Wx pre-fetch operation. 

The 4 j' bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The 'a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MPYN A,W2*W3,W0 > [W4]-=6,W1,[W6] ; Multiply negative into Acc A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8= 1000 

W1 0 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = -7*8=-56 

ACCB = 3 

W0- 17 

W1 = 18 

W2 = 7 

W3 = 8 

W8 = 994 

W1 0 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 



Examples 

Examplel MSC A,W2*W3,W0=[W4]-=6,W1=[W6],W9 ; Multiply and Subtract A 
Before Instruction 
ACCA = 2 
ACCB = 3 
WO = 5 
W1 =6 
W2 = 7 
W3 = 8 
W8 = 1000 
W1 0 = 2000 
RAM(994) = 16 
RAM(1000) = 17 
RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 
ACCB = 3 
WO = 17 
W1 = 18 
W2 = 7 
W3 = 8 
W8 = 994 
W10 = 2000 
RAM(994) = 3 
RAM(1000) = 17 
RAM(2000) = 18 



MSLK 



Syntax: 



Multi-Byte Shift Left by Short Literal 



{label:} MSL Wb, Iit5, Wnd 



Operands: Wb e [WO ... W15]; k e [0...31]; Wnd e [WO ... W15] 

Operation: lit5<3:0>->Shift_Val 

0->ShiftJn<39:16> 
Wb<15:0>->ShiftJn<15:0> 

0-»ShifLOut<39:1 6+Shift_Val> 

Shift_In<1 5:0I>->Shift_Out<1 5+Shift_VaI:Shift_Val> 

If Iit5<4>=0: (less than 16) 
0->CARRY1<15:0> 

Shift_Out<31:16> .OR. CARRY1<15:0>^CARRY0<15:0> 
Shift_Out<15:0> .OR. CARRY0<15:0>->Wnd<15:0> 
If iit5<4>==1 : (1 6 or greater) 

Shift_Out<31 : 1 6>->CARRY1 <1 5:0> 

Shift_Out<15:0> .OR. CARRY1<15:0>->CARRY0<15:0> 

0 .OR. CARRY0<15:0>->Wnd<15:0> 



Status Affected: C,SZ,Z 



1101 


1100 


Owww 


wddd 


dllk 


kkkk 



Description: Shift left the contents of the source register Wb by Iit5 bits (up to 31 posi- 

tions), OR in the contents of the CARRY1 and CARRYO registers then place 
the result in the destination register Wnd. Bits that are shifted beyond the 
leftmost position of the source are stored in the CARRY1 and CARRYO reg- 
isters. 

The Z bit will be set if the value placed in Wnd is zero and cleared other- 
wise. The SZ bit will be cleared if the value placed in Wnd is not zero. The C 
bit will be set if any of the bits shifted out were set (in other words, if the 
resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 

Words: 1 
Cycles: 1 



EXAMPLES: 



MSLW 



Syntax: 



Multi-Byte Shift Left by Wns 



{label:} MSL Wb, Wns, Wnd 



Operands: Wb e [WO ... W15]; Wns e [WO ...W15]; Wnd e [WO ... W15] 

Operation: Wns<3:0>->Shift_Val 

0H>Shift_ln<39:16> 
Wb<1 5:0>->ShiftJn<1 5:0> 

0->ShifLOut<39:1 6+Shift_Val> 

Shift_ln<1 5:0l>->ShifLOut<1 5+Shift„Val:ShifM/al> 

If Wns<4>==0: (less than 1 6) 
0-^CARRY1<15:0> 

Shift_Out<31:16> .OR. CARRY1<15:0>-»CARRY0<15:0> 
Shift_Out<15:0> .OR. CARRY0<15:0>->Wnd<15:0> 
If Wns<4>==1 : (1 6 or greater) 

Shift_Out<31 :1 6>->CARRY1 <1 5:0> 

Shift_Out<15:0> .OR. CARRY1<15:0>->CARRY0<15:0> 

0 .OR. CARRY0<15:0>->Wnd<15:0> 



Status Affected: C.SZ.Z 



1101 


1100 


Owww 


wddd 


dOOO 


ssss 



Description: Shift left the contents of the source register Wb by Wns bits (up to 31 posi- 

tions), OR in the contents of the CARRY1 and CARRYO registers then place 
the result in the destination register Wnd. Bits that are shifted beyond the 
leftmost position of the source are stored in the CARRY1 and CARRYO reg- 
isters. 

The Z bit will be set if the value placed in Wnd is zero and cleared other- 
wise. The SZ bit will be cleared if the value placed in Wnd is not zero. The C 
bit will be set if any of the bits shifted out were set (in other words, if the 
resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



1 
1 



MSRK 



Multi-Byte Shift Right by Short Literal 



Syntax: {label:} MSR Wb, Iit5, Wnd 



Operands: Wb e [WO ... W15]; Iit5 e [0...31]; Wnd e [WO ... W15] 

Operation: lit5<3:0>->Shift_Val 

0-»ShittJn<39:32> 

Wb<15:0>-»ShiftJn<31:16> 

0-»ShiftJn<15:0> 

0^Shift_Out<39:32-Shift_Val> 

Shift_ln<31 :Shift_Val>->Shift_Out<31 -Shift_Val:0> 

If Iit5<4>==0: (less than 16) 

Shift_Out<31:16> .OR. CARRY1<15:0>->Wnd<15:0> 

Shift_Out<15:0> .OR. CARRY0<15:0>->CARRY1<15:0> 

0->CARRY0<15:0> 
If Iit5<4>==1 : (1 6 or greater) 

CARRY1<15:0>->Wnd<15:0> 

Shift„Out<31:16> .OR. CARRY0<15:0>-^CARRY1<15:0> 
ShifLOut<15:0>->CARRY0<15:0> 



Status Affected: C,SZ,Z 



1101 


1100 


lwww 


wddd 


dllk 


kkkk 



Description: Shift right the contents of the source register Wb by Iit5 bits (up to 31 posi- 

tions), OR in the contents of the CARRY1 and CARRYO registers then place 
the result in the destination register Wnd. Bits that are shifted beyond the 
rightmost position of the source are stored in the CARRY1 and CARRYO 
registers. 

The Z bit will be set if the value placed in Wnd is zero and cleared other- 
wise. The SZ bit will be cleared if the value placed in Wnd is not zero. The C 
bit will be set if any of the bits shifted out were set (in other words, if the 
resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 

Words: 1 
Cycles: 1 



EXAMPLES: 



MSRW 



Multi-Byte Shift Right by Wns 



Syntax: {label:} MSR Wb, Wns, Wnd 



Operands: Wb € [WO ... W15]; Wns e [WO ...W15]; Wnd e [WO ... W15] 

Operation: Wns<3:0>-»ShifLVal 

0->ShiftJn<39:32> 

Wb<15:0>->Shift_ln<31:16> 

0->ShiftJn<15:0> 

0^Shift_Out<39:32-Shift_Val> 
Shift_ln<31:Shift_Val>->Shift_Out<31-Shift_Val:0> 

ifWns<4>==0: (less than 16) 

Shift_Out<31:16> .OR. CARRY1<15:0>-^Wnd<15:0> 

Shift_Out<15:0> .OR. CARRY0<15:0>^CARRY1<15:0> 

0->CARRY0<15:0> 
If Wns<4>==1 : (1 6 or greater) 

CARRY1 <1 5:0>->Wnd<1 5:0> 

Shift_Out<31:16> .OR. CARRY0<15:0>^CARRY1<15:0> 
ShiftJ3ut<15:0>-»CARRY0<15:0> 

Status Affected: C,SZ,Z 



1101 


1100 


lwww 


wddd 


dOOO 


ssss 



Description: Shift right the contents of the source register Wb by Wns bits (up to 31 posi- 

tions), OR in the contents of the CARRY1 and CARRYO registers then place 
the result in the destination register Wnd. Bits that are shifted beyond the 
rightmost position of the source are stored in the CARRY1 and CARRYO 
registers. 

The Z bit will be set if the value placed in Wnd is zero and cleared other- 
wise. The SZ bit will be cleared if the value placed in Wnd is not zero. The C 
bit will be set if any of the bits shifted out were set (in other words, if the 
resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 

Words: 1 
Cycles: 1 



EXAMPLES: 



M U LS 16x16 bit Signed Multiply 



Syntax: {label:} MULSS Wb, Ws, Wnd 

[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 



Operands: Wb e [WO ... W15]; 

Wse [WO... W15]; 

Wnd e [W0 ) W2 ) W4,W6,W8 ) W10 ) W12,W14] 
Operation: signed (Wb) * signed (Ws) -» {Wnd+1 , Wnd} 

Status Affected: None 



Encoding: 



1011 


1001 


Iwww 


wddd 


dppp 


ssss 



Description: MULS performs a 16-bit x 16-bit multiply, with the result stored in two suc- 

cessive working registers. 

Both source operands are interpreted as two's-complement signed integers. 

The W bits select the address of the base register 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2. 

The 'd' bits select the address of the destination for the product LSBs, 
the register 'd+1' is the destination of the product MSBs. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Words: 1 
Cycles: 1 

Examples 

Examplel MUL.SS W5, W6, W8 ; Multiply W5*W6 to W9:W8 

Before Instruction 



After Instruction 



M U LS U 1 6x1 6 bit Signed-Unsigned Multiply 

Syntax: {label:} MULSU Wb! Ws] Wnd 

[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Operands: Wb e [WO ... W15]; 

Wsg [WO... W15]; 

Wnd e [W0,W2,W4,W6,W8,W10,W12,W14] 
Operation: signed (Wb) * unsigned (Ws) -> {Wnd+1 , Wnd} 

Status Affected: None 



Encoding: 



1011 


1001 


Owww 


wddd 


dppp 


ssss 



Description: MULSU performs a 1 6-bit x 16-bit multiply, with the result stored in two suc- 

cessive working registers. 



The first source operands is interpreted as a two's-complement signed inte- 
ger and the second source operand is interpreted as an unsigned integer. 

The 'w' bits select the address of the base register 
The 's' bits select the address of the source register. 
The l p' bits select source address mode 2. 

The 'd' bits select the address of the destination for the product LSBs, 
the register 'd+1' is the destination of the product MSBs. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Words: 1 
Cycles: 1 

Examples 

Examplel MUL.SU W5,W6,W8 ; Multiply W5*W6 to W9:W8 

Before Instruction 



After Instruction 



MULSULS 



Syntax: 



16x16 bit Signed Multiply Unsigned Short Literal 



{label:} MUL.SU Wb, Iit5, Wnd 



Operands: Wb e [WO ... W15]; 

Iit5e [0 ... 31]; 

Wnd g [W0 I W2 f W4 l W6,W8,W10 ) W12 l W14] 
Operation: signed (Wb) * unsigned Iit5 -» {Wnd+1 , Wnd} 

Status Affected: None 



Encoding: 



1011 


1001 


lwww 


wddd 


dllk 


kkkk 



Description: MULSLS performs a 16-bit x 16-bit multiply, with the result stored in two 

successive working registers. 

The source operands is interpreted as a two's-complement signed integer 
and the literal is interpreted as an unsigned integer. 



The 'k' bits define a 5-bit unsigned integer literal. 

The W bits select the address of the base register. 

The £ d' bits select the address of the destination for the product LSBs, 

the register 'd+1' is the destination of the product MSBs. 

Note: This instruction operates in word mode only. 

Words: 1 
Cycles: 1 

Examples 

Examplel MUL.SU W6, #13, W8 ; Multiply W6 times 13 into W9:W8 

Before Instruction 



After Instruction 



M U LU 16x16 bit Unsigned Multiply 



Syntax: {label:} MUL.UU Wb, Ws, Wnd 

[Ws], 

[Ws]++, 
[Ws]--, 

[Ws++], 
[Ws--], 



Operands: Wbe [WO... W15]; 

Wse [WO... W15]; 

Wnd e [W0,W2,W4,W6,W8,W10,W12,W14] 
Operation: unsigned (Wb) * unsigned (Ws) -» {Wnd+1 , Wnd} 

Status Affected: None 



Encoding: 



1011 


1000 


Owww 


wddd 


3PPP 


ssss 



Description: MULU performs a 1 6-bit x 1 6-bit multiply, with the result stored in two suc- 

cessive working registers. 



Both source operands are interpreted as unsigned integers, 

The 'w' bits select the address of the base register. 
The 's' bits select the address of the source register. 
The 'p' bits select source address mode 2, 

The 'd' bits select the address of the destination for the product LSBs, 
the register 'd+1 ' is the destination of the product MSBs. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Words: 1 
Cycles: 1 

Examples 

Examplel MUL.UU W5,W6,W8 ; Multiply W5*W6 to W9:W8 

Before Instruction 



After Instruction 



MULULS 



Syntax: 



16x16 bit Unsigned Multiply Short Literal 



{label:} MULULS Wb, lit5, Wnd 



Operands: 

Operation: 
Status Affected: 
Encoding: 
Description: 



Wbe [WO ... W15]; 
iit5e [0 ...31]; 

Wnd e [W0,W2,W4,W6,W8,W10,W12,W14] 
unsigned (Wb) * unsigned Iit5 -> {Wnd+1 , Wnd} 
None 



1011 


1000 


Owww 


wddd 


dllk 


kkkk 



MULULS performs a 16-bit x 16-bit multiply, with the result stored in two 
successive working registers. 

Both operands are interpreted as unsigned integers. 

The 'k' bits define a 5-bit unsigned integer literal.. 
The V bits select the address of the base register. 
The 'd' bits select the address of the destination for the product LSBs, 
the register £ d+1' is the destination of the product MSBs. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



MUL.UU W6,#13,W8 
Before Instruction 



; Multiply W6 times 13 into W9:W8 



After Instruction 



MULUS 



16x16 bit Unsigned-Signed Multiply 



Syntax: 



{label:} MUL.US 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 



Wnd 



Operands: 



Operation: 



Description: 



Wbe [WO... W15]; 
Wsg [WO... W15]; 

Wnd e [W0 J W2 I W4 J W6 ) W8,W10,W12,W14] 
unsigned (Wb) * signed (Ws) -> {Wnd+1 , Wnd} 



Status Affected: 


None 












Encoding: 


1011 


1000 


lwww 


wddd 


dppp 


ssss 



MULUS performs a 16-bit x 16-bit multiply, with the result stored in two suc- 
cessive working registers. 

The first source operands is interpreted as an unsigned integer and the sec- 
ond source operand is interpreted as a two's-complement signed integer. 

The V bits select the address of the base register. 
The 's' bits select the address of the source register. 
The l p' bits select source address mode 2. 

The 'd' bits select the address of the destination for the product LSBs, 
the register 'd+1 ' is the destination of the product MSBs. 

See Table 1-5 for modifier addressing information. 

Note: This instruction operates in word mode only. 



Examples 



Words: 
Cycles: 

Examplel 



MUL.US W5,W6,W8 
Before Instruction 



; Multiply W5*W6 to W9:W8 



After Instruction 



MULWF 



8-bit x 8-bit Multiply 



Syntax: 



{label:} MUL{.b} 



f 



Operands: 



Description: 



f g [0...8191] 



Operation: 


If byte mode, (Ww)<7:0> 
If word mode, (Ww) * (f) - 


*(f)<7:0>->W2 
-> W3:W2 






Status Affected: 


None 












Encoding: 


1011 


1100 


OBOf 


f fff 


ffff 


f fff 



Multiply the working register and the file register and place the result in the 
W3:W2 register pair. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 



Note: Word operation is assumed. 



Examples 



Words: 
Cycles: 

Examplel 



MUL RAM135 
Before Instruction 



; Multiply Ww by RAM135 



After Instruction 



REPEATW 



Syntax: 



Repeat next instruction Wn times 



{label:} REPEAT Wn 



Operands: 
Operation: 



Description: 



Examples 



Words: 
Cycles: 

Exampiel 



Wne [W0...W15] 

(Wn) LCR (Loop Count Register) 

(PC)+2 h> PC 

Enable Code Looping 



Status Affected: 


None 












Encoding: 


0000 


1001 


1000 


0000 


0000 


ssss 



The instruction immediately following the REPEAT instruction is repeated 
(Wn) times. The repeated instruction is held in the instruction register for all 
iterations and so is fetched only once (during the REPEAT instruction, as 
would be expected). The first iteration of the repeated instruction 
pre-f etches the next instruction. 

The repeat count is decremented during each iteration. When it equals 
zero, the pre-fetch instruction is staged into the instruction and normal exe- 
cution continues. 

The repeated instruction can be interrupted before any iteration, but only by 
a priority 1 (fast context switch) interrupt. Subsequent interrupts must be 
held pending until the repeat operation is complete. Note that nested 
repeats (e.g. from within the interrupt service routine) are not supported. 

The 's' bits specify the Wn register that contains the loop count 
1 

1 + (Wn) 



REPEAT W6 
Before Instruction 



; Repeat next instruction (W6) times 



After Instruction 



RESET 



Syntax: 



{label:} 



Reset 



RESET 



Examples 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Examplel 



none 



Force ail registers and flag bits that are affected by a MCLR reset to their 
reset condition. 

None 



1111 


1110 


0000 


0000 


0000 


0000 



This instruction provides a way to execute a software reset. 

1 

1 



RESET 
Before instruction 



; Reset 



After Instruction 



RETFIE Return from Interrupt 



Syntax: {label:} RETFIE 

RETFIE. S 



Operands: None 

Operation: <W15)-2 -> W15 

TOS^(PC<23:16>), 

(W15)-2-»W15 

TOS->(PC<15:0>), 

NOP -> Instruction Register. 

<lnterrupt Flag Stuff - TBD> 

If S = 1, 

copy the contents of the shadow registers into the primary registers. 



Status Affected: INTLV 



0000 


0110 


S100 


0000 


0000 


0000 



Description: Return from interrupt service routine. The stack is popped and the Top of 

Stack (TOS) is loaded into the program counter. If 'S' = 1 , the contents of 
the shadow registers are copied into the respective primary registers. 
If 'S' = 0, no update of these registers occurs (default). The Interrupt Level 
Register is updated. 



Words: 1 
Cycles: 2 

Examples 

Examplel RETFIE ; Return from interrupt 

Before Instruction 



After Instruction 



RETLW 



Syntax: 



Return with Literal in Wd 



{label:} RETLW{.b} SlitIO, Wn 
RETLW.S 



Operands: 
Operation: 



Wn e [WO ... W15]; SlitIO e [-512 ... 511] 

(W15)-2-»W15 

TOS^(PC<23:16>), 

(W15)-2->W15 

TOS->(PC<15:0>), 

SlitIO — > Wn 

lfS = 1, 

copy the contents of the shadow registers into the primary registers. 



Status Affected: 


None 












Encoding: 


0000 


0101 


SBkk 


kkkk 


kkkk 


dddd 


Description: 


Return with 


a literal value in Wn. 









The 'B' bit selects byte or word operation. 
The C S' bit shadow pop. 

The 'd' bits select the address of the destination register. 
The V bits define the literal. 



Examples 



Words: 
Cycles: 

Examplel 



1 
2 



RETLW #-13, W5 
Before Instruction 



; Return 



After Instruction 



RETURN 



Return 



Syntax: 



{label:} 



RETURN 
RETURN. S 



Operands: 
Operation: 



Description: 



None 

(W15)-2->W15 

TOS^(PC<23:16>), 

(W15)-2-» W15 

TOS ->(PC<15:0>), 

NOP -» Instruction Register. 

If S = 1, 

copy the contents of the shadow registers into the primary registers. 



Status Affected: 


None 












Encoding: 


0000 


0110 


sooo 


0000 


0000 


0000 



Return from subroutine. The stack is popped and the Top of Stack (TOS) is 
loaded into the program counter. If 'S' = 1 , the contents of the shadow regis- 
ters are copied into the respective primary registers. 
If 'S' = 0, no update of these registers occurs (default). 



Examples 



Words: 
Cycles: 

Examplel 



RETURN 
Before Instruction 



; Return 



After Instruction 



R LC Rotate Left Ws through Carry 

Syntax: {label:} RLC{.b} Ws! Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws-], [Wd--] 



Operands: 
Operation: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(C)->Wd<0>, (Ws<14:0>)^Wd<15:1>, (Ws<15>)-^C 
For byte operation: 

(C) -» Wd<0>, (Ws<6:0>) -> Wd<7:1 >, (Ws<7>) -> C 



5k 



Status Affected: 


C, N,Z 












Encoding: 


1101 


0010 


lBqq 


qddd 


dppp 


ssss 



Description: 



Rotate the contents of the source register Ws one bit to the left through the 
carry flag and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



RLC W5,W6 
Before Instruction 



; Rotate left 



After Instruction 



RLCF 



Rotate Left f through Carry 



Syntax: 



{label:} RLC{.b} 



f 



{,Ww} 



Operands: 
Operation: 



Description: 



f e [0 ... 8191] 

For word operation: 

(C) ~> Dest<0>, (f<14:0>) -> Dest<15:1>, (f<15>) -> C 
For byte operation: 

(C) -> Dest<0>, (f<6:0>) -> Dest<7:1 >, (f<7>) -> C 





4£K 




J 










Status Affected: 


C, N,< 


z 












Encoding: 


1101 


0110 


lBDf 


ffff 


ffff 


ffff 



Rotate the contents of the file register f one bit to the left through the carry 
flag and place the result in the destination designated by D: If the optional 
Ww is specified, D=0 and store result in Ww; otherwise, D=1 and store 
result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



RLC RAM135, Ww 
Before Instruction 



; Rotate left 



After Instruction 



R L N C Rotate Left Ws (No Carry) 



Syntax: {label:} RLNC{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]~, [Wd]» 

[Ws++], [Wd++] 

[Ws-], [Wd--] 



Operands: 
Operation: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(Ws<14:0>) -> Wd<15:1>, (Ws<15>) -» Wd<0> 
For byte operation: 

(Ws<6:0>) -» Wd<7:1>, (Ws<7>) -> Wd<0> 



t3 



Status Affected: 

Encoding: 

Description: 



N,Z 



1101 


0010 


OBqq 


qddd 


dppp 


ssss 



Rotate the contents of the source register Ws one bit to the left and place 
the result in the destination register Wd. The Carry Flag bit is not affected. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The ( p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel RLNC W5,W6 ; Rotate left 

Before Instruction 



After Instruction 



RLNCF 



Rotate Left f (No Carry) 



Syntax: 



{label:} RLNC{.b} 



f 



{,Ww} 



Operands: 
Operation: 



Description: 



f e [0 ... 8191] 

For word operation: 

(f<14:0>) H>Dest<15:1>, 
For byte operation: 

(f<6:0>) ->Dest<7:1>, 

U J 



(f<15>) -> Dest<0> 
(f<7>) -» Dest<0> 



Status Affected: 


N,Z 












Encoding: 


1101 


0110 


OBDf 


f ff f 


ffff 


ff ff 



Rotate the contents of the file register f one bit to the left and place the 
result in the destination designated by D: If the optional Ww is specified, 
D=0 and store result in Ww; otherwise, D=1 and store result in the file regis- 
ter. The carry flag bit is not affected. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



RLNC RAM135,Ww 
Before Instruction 



; Rotate left 



After Instruction 



R RC Rotate Right Ws through Carry 

Syntax: {label:} RRC{.b} Ws] Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws--], [Wd-] 



Operands: 
Operation: 



Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(C) ->Wd<15>, (Ws<15:1>)->Wd<14:0>, (Ws<0>) -> C 
For byte operation: 

(C) -> Wd<7>, (Ws<7:1 >) -> Wd<6:0>, (Ws<0>) -> C 

3 



Status Affected: 


C, N,Z 












Encoding: 


1101 


0011 


lBqq 


qddd 


dppp 


ssss 



Rotate the contents of the source register Ws one bit to the right through the 
carry flag and place the result in the destination register Wd. 



The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel RRC W5,W6 ; Rotate right 

Before Instruction 



After Instruction 



RRCF 



Rotate Right f through Carry 



Syntax: 



{label:} RRC{.b} 



f 



{,Ww} 



Operands: 
Operation: 



Description: 



f e [0... 8191] 

For word operation: 
(C)->Dest<15>, 

For byte operation: 
(C) -> Dest<7>, 



(f<15:1>)->Dest<14:0>, (f<0>) -» C 
(f<7:1 >) -> Dest<6:0>, (f<0>) -> C 





L 














Status Affected: 


c, 


N,Z 












Encoding: 


1101 


0111 


lBDf 


ffff 


ffff 


ffff 



Rotate the contents of the file register f one bit to the left through the carry 
flag and place the result in the destination designated by D: If the optional 
Ww is specified, D=0 and store result in Ww; otherwise, D=1 and store 
result in the file register.. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



RRC RAM135,Ww 
Before Instruction 



; Rotate right 



After Instruction 



R R N C Rotate Right Ws (No Carry) 



Syntax: {label:} RRNC{.b} 



Ws, 


Wd 


[Ws], 


[Wd] 


[Ws]++, 


[Wd]++ 


[Ws]--, 


[Wd]~ 


[Ws++], 


[Wd++] 


[Ws--], 


[Wd-] 



Operands: 
Operation: 



Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(Ws<15:1>) -> Wd<14:0>, (Ws<0>) -> Wd<15> 
For byte operation: 

(Ws<7:1>) -> Wd<6:0>, (Ws<0>) -> Wd<7> 

U J 



Status Affected: 


N,Z 












Encoding: 


1101 


0011 


OBqq 


qddd 


dppp 


ssss 



Rotate the contents of the source register Ws one bit to the right and place 
the result in the destination register Wd. The Carry Flag bit is not affected. 



The ( B' bit selects byte or word operation. 

The ( s' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel RRNC W5,W6 ; Rotate right 

Before instruction 



After Instruction 



RRNCF 



Syntax: 



Rotate Right f (No Carry) 



{label:} RRNC{.b} f {,Ww} 



Operands: 
Operation: 



Description: 



f e [0... 8191] 

For word operation: 

(f<15:1>)^Dest<14:0>, 
For byte operation: 

(f<7:1>)->Dest<6:0>, 



(f<0>)-» Dest<15> 
(f<0>) -> Dest<7> 



□ 



Status Affected: 


N,Z 












Encoding: 


1101 


0111 


OBDf 


f fff 


ffff 


ffff 



Rotate the contents of the file register f one bit to the and place the result in 
the destination designated by D: If the optional Ww is specified, D=0 and 
store result in Ww; otherwise, D=1 and store result in the file register. The 
carry flag bit is not affected. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 
Cycles: 1 

Examplel RRNC RAM135,Ww ; Rotate right 

Before Instruction 



After Instruction 



SAC Store Accumulator 



Syntax: {label:} SAC A, Wnd, [, Slit4] 

B, [Wnd], 
[Wnd]++ 
[Wnd]~ 
[Wnd--], 
[Wnd+Wb], 
[Wnd+lit5] 



Operands: 


Wnd e [WO 
Wb e [WO . 
Slit4 e [-8 .. 


... W15]; 

.W15]; lit5e [0...31] 
.+7] 








Operation: 


Shift S | it4 (ACC) (optional); (ACC[31 :16]) -> Wnd 






Status Affected: 


None 












Encoding: 


1100 


1100 


Awww 


wrrr 


rhhh 


ssss 



Description: 



Optionally shift accumulator, then store truncated accumulator, ACC[31 :1 6], 
to the destination effective address. 



The 'A' bits specify the source accumulator. 

The 's' bits specify the destination register Wnd. 

The 'h' bits select destination address mode 3. 

The V bits specify the offset amount Iit5 OR the offset register Wb. 

The l r' bits encode the optional operand Slit4 which determines the amount 

of the accumulator preshift; if the operand Slit4 is absent, a 0 is encoded. 



See Table 1-7 for modifier addressing information. 



Note: Positive values of operand Slit4 represent arithmetic shift right. 
Negative values of operand SIM represent shift left. 



Words: 1 
Cycles: 1 

Examples 

Example 1 SAC A,W5 ; Store Accumulator A 

Before Instruction 



After Instruction 



SCRATCH 



Push Shadow Registers 



Syntax: 



{label:} PUSH.S 



Examples 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 

Words: 

Cycles: 

Example 1 



None 

Push shadow registers. Shadowed registers include W0...W15 and STA- 
TUS. 

None 



1111 


1110 


1010 


0000 


0000 


0000 



The contents of the primary registers are copied into the shadow registers. 

1 

1 



PUSH.S 
Before Instruction 



; Push registers to shadows 



After Instruction 



SE Sign Extend Wn 



Syntax: {label:} SE Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]~ 

[Ws++], [Wd++] 

[Ws-], [Wd-] 



Operands: Ws e [WO... W15]; 

Wde [W0...W15] 

Operation: Wd<7:0> ->Wd<7:0>; 

If [Ws<7> =1] then 

0xFF->Wd<15:8> 
else 

0 ->Wd<15:8>; 



Status Affected: C,N,Z 



Encoding: 



1111 


1011 


OOqq 


qddd 


dppp 


ssss 



Description: SE sign-extends the eight bit value in Wn (LSB's) to a 16-bit value. 

The 's' bits select the address of the source register. 
The 'd' bits select the address of the destination register. 
The 'p' bits select source address mode 2. 
The £ q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The operation converts a byte to a word. 



Examples 



Words: 1 
Cycles: 1 

Examplel SE W5 ; Sign extend 

Before Instruction 



After Instruction 



SETM 



SetWs 



Syntax: 



{labe!:} SETMf.b} 



Ws 
[Ws] 
[Ws]++ 
[Ws]-- 
[Ws++] 
[Ws-] 



Examples 



Operands: 
Operation: 



Description: 



Words: 
Cycles: 

Example 1 



Ws e [WO ... W15] 

OxFFFF -> Ws for word operation 
OxFF -» Ws for byte operation 



Status Affected: 


None 












Encoding: 


1110 


1011 


1B00 


0000 


Oppp 


ssss 



The contents of the source register are set. 

The 'B' bits selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'p' bits select the source address mode 2 (values 0-4). 

See Table 1-5 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SETM W7 
Before Instruction 



; Set W7 register 



After Instruction 



SETF 



Set orWw 



Syntax: 



{label:} SETM{.b} 



f 

Ww 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0... 8191] 

OxFFFF -> destination designated by D 
None 



1110 


1111 


lBDf 


ffff 


ffff 


ffff 



set Ww; otherwise, D=1 and set the file register. 

The 'B' bit selects byte or word operation. 
The T bits select the address of the file register. 
The 'D' bit selects the destination. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



SETM 345 
Before Instruction 



; Set location 345 



After Instruction 



SFTAC 



Syntax: 



Arithmetic Shift Accumulator 



{label:} SFTAC A, Wb 

B, 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wbe [WO ... W15] 
Shift (Wb) (ACC) 
OA, OB, SA, SB 



1100 


1000 


A000 


0000 


0000 


ssss 



Arithmetic shift of accumulator. 

The contents of Ws are used as the shift amount. Only the least significant 5 
bits of the Ws are used. If Ws<4:0> is positive, the shift is a right shift by 
Ws<4:0> bits. If Ws<4:0> is negative, the shift is a left shift by -Ws<4:0> 
bits. 



The ( A' bit selects the accumulator for the result. 

The 's' bits select the address of the shift count register. 



Examples 



Words: 
Cycles: 

Exampfel 



SFTAC A,W5 
Before Instruction 



; Shift Accumulator A right (W5) bits 



After Instruction 



SFTACK 



Syntax: 



Arithmetic Shift Accumulator 



{label:} SFTAC A, SlitS 

B, 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



SlitS e [-16... 15] 
Shift k (ACC) 
OA, OB, SA, SB 



1100 


1000 


A100 


0000 


000k 


kkkk 



Arithmetic shift of accumulator. 

The SlitS is used as the shift amount. If SlitS is positive, the shift is a right 
shift by SlitS bits. If SlitS is negative, the shift is a left shift by -SlitS bits. 

The 'A bit selects the accumulator for the result. 
The 'k' bits determine the number of bits to be shifted. 



Examples 



Words: 
Cycles: 

Example 1 



SFTAC B,5 
Before Instruction 



; Shift Accumulator B right five bits 



After Instruction 



SL Shift Left Ws 



Syntax: {label:} SL{.b} Ws, Wd 

[Ws], [Wd] 

[Ws]++, [Wd]++ 

[Ws]--, [Wd]-- 

[Ws++], [Wd++] 

[Ws-], [Wd--] 



Operands: 
Operation: 



Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

For word operation: 

(Ws<15>)->C, (Ws<14:0>)->Wd<15:1>, 0->Wd<0> 
For byte operation: 

(Ws<7>) -> C, (Ws<6:0>) -> Wd<7:1>, 0 -> Wd<0> 





EH* 




*-o 










Status Affected: 


C, N, OV, Z 














Encoding: 


1101 


0000 


OBqq 


qddd 


dppp 


ssss 



oniii ii ic uuNienio ui ti it? auuiue feyjcsitfi vvt> uiit? uu iu uic itsii emu jjiaue me 

result in the destination register Wd. Shift '0' into the LSB of Wd, The Carry 
Flag is set if the MSB of Ws is ( 1 



The 'B' bit selects byte or word operation. 

The ( s' bits select the address of the source register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 
Cycles: 1 

Examplel SL W5,W6 ; Shift left 

Before instruction 



After Instruction 



SLEEP Enter SLEEP mode 

Syntax: {label:} SLEEP iitT 



Examples 



Operands: 
Operation: 



Status Affected: 

Encoding: 

Description: 

Words: 
Cycles: 

Examplel 



Iit4e [0 ... 15] 
0 WDT, 

0 WDT prescaler count, 

1 ->TO, 
O^PD 



Enter sleep mode (Iit4) 










TO, PD 












1111 


1110 


0100 


0000 


0000 


kkkk 



The power-down status bit, PD is cleared. Time-out status bit, TO is set. 
The Watchdog Timer and its prescaler are cleared. The processor is put into 
SLEEP mode selected by Iit4. 

1 

1 



SLEEP 0 
Before Instruction 



; Turn off the device oscillator. 



After Instruction 



SLF 



Shift Left f 



Syntax: 



{label:} SL{.b} 



{,Ww} 



Operands: 
Operation: 



f e [0... 8191] 

For word operation: 

(f<15>) (C), (f<14:0>) -» Dest<15:1>, 0 -> Dest<0> 
For byte operation: 

(f<7>) _> (C), (f<6:0>) -» Dest<7:1>, 0 -» Dest<0> 

EbH U-o 



Status Affected: 


C, N, OV, Z 












Encoding: 


1101 


0100 


BODf 


ffff 


ffff 


ffff 



Description: 



Shift the contents of the file register f one bit to the left with a '0' fill. The 
carry flag is set if the MSB of f is '1 \ Place the result in the destination des- 
ignated by D: If the optional Ww is specified, D=0 and store result in Ww; 
otherwise, D=1 and store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The 'f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



SL RAM135,Ww 
Before Instruction 



; Shift left 



After Instruction 



SLK 



Shift Left by Short Literal 



Syntax: 



{label:} SL 



Wb, 



litS, 



Wnd 



Operands: 
Operation: 



Wb e [WO ... W15]; Iit5 e [0...31]; Wnd e [WO ... W15] 
lit5<3:0>->Shift_Val 

0->ShiftJn<39:16> 
Wb<15:0>^ShrftJn<15:0> 

0->Shift_Out<39:1 6+Shift_Val> 
Shift_ln<15:0l>->Shift_Out<15+Shift__Val:Shift_Val> 

If Iit5<4>==0: (less than 16) 

0->CARRY1<15:0> 

Shift__Out<31 :16>->CARRY0<15:0> 

Shift_Out<1 5:0>->Wnd<1 5:0> 
If Iit5<4>==1 : (1 6 or greater) 

Shift„Out<31 :16>->CARRY1<15:0> 

ShifLOut<15:0>^CARRY0<15:0> 

0->Wnd<15:0> 



Status Affected: 


C,SZ,Z 












Encoding: 


1101 


1101 


Owww 


wddd 


dllk 


kkkk 



Description: 



Shift left the contents of the source register Wb by lit5 bits (up to 31 posi- 
tions), placing the result in the destination register Wnd. Bits that are shifted 
beyond the leftmost position of the source are stored in the CARRY1 and 
CARRYO registers. 

The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



EXAMPLES: 



SLW 



Shift Left by Wns 



Syntax: 



{label:} SL 



Wb, 



Wns, 



Wnd 



Operands: 
Operation: 



Status Affected: 



Description: 



Wb e [WO ... W15]; Wns e [WO ...W15]; Wnd e [WO ... W15] 
Wns<3:0>->Shift_Val 

0->Shift_ln<39:16> 
Wb<15:0>->ShiftJn<15:0> 

0->Shift_Out<39:1 6+Shift_Val> 

Shift Jn<1 5:0i>->ShifLOut<1 5+Shift Jfal:Shift_Val> 

!fWns<4>=0: (less than 16) 

0-^CARRY1<15:0> 

ShifLOut<31 :1 6>->CARRY0<15:0> 

Shift_Out<1 5:0>^Wnd<1 5:0> 
If Wns<4>==1 : (16 or greater) 

ShifLOut<31 : 1 6>->CARRY1 < 1 5:0> 

ShifLOut<1 5:0>->CARRY0<1 5:0> 

0->Wnd<15:0> 

CSZ.2 



Encoding: 


1101 


1101 


Owww 


wddd 


dOOO 


ssss 



Shift left the contents of the source register Wb by Wns bits (up to 31 posi- 
tions), placing the result in the destination register Wnd. Bits that are shifted 
beyond the leftmost position of the source are stored in the CARRY1 and 
CARRYO registers. 

The Z and SZ bits will be set if the value placed in Wnd is zero and cleared 
otherwise. The C bit will be set if any of the bits shifted out were set (in other 
words, if the resultant CARRY is non-zero) and cleared otherwise. 

Note: This instruction operates in word mode only. 



Words: 
Cycles: 



EXAMPLES: 



SQR 



Square to Accumulator 



Syntax; 



{label:} MPY 



A, Wm*Wm 
B, 



,Wxp,[Wx] 
) Wxp ) [Wx]+=kx 
,Wxp,[Wx]-=kx* 
,Wxp,[W5+W8] 
none 



,Wyp,[Wy] 
,Wyp,[Wy]+=ky 
,Wyp,[Wy]-=ky * 
,Wyp,[W7+W8] 
none 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



4 Alternate format for negative kx.ky 

Wm*Wm e {W0*W0; W1*W1; W2*W2; W3*W3} 

Wxp e {WO ... W3}; Wx e {W4, W5}; kx € {-6 f -4, -2, 2, 4, 6}; 

Wyp e {WO ... W3}; Wy e {W6, W7}; ky e {-6, -4, -2, 2, 4, 6}; 

(Wm)*(Wm) -> ACC(A or B); 
([Wx])^Wxp; (Wx)+kx^Wx; 
([Wy]HWyp; (Wy)+ky^Wy; 

OA, OB, SA, SB 



1111 


00mm 


AOxx 


yyii 


iij 3 


3311 



Signed, fractional or integer square the contents of a W register. The 32-bit 
result is sign-extended to 40-bits and written to the specified accumulator. 
Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

The 'm' bits select the operand register Wm for the square: 

The 'A' bit selects the accumulator for the result. The other accumulator is 

used for write back. 

The T bits select the Wx pre-fetch operation. 

The T bits select the Wy pre-fetch operation. 

The ( x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The 'a 1 bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MPY A,W2*W2,W0=[W4]-=6,W1=[W6] ; Square to accumulator A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8=1000 

W1 0 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 

ACCB = 3 

WO =17 

W1 =18 

W2 = 7 

W3 = 8 

W8 = 994 

W1 0 = 2000 

RAM(994) = 3 

RAM(1000) = 17 

RAM(2000) = 18 



SQRAC 



Square and Accumulate 



Syntax: {label:} MAC A, Wm*Wm ,Wxp,[Wx] ,Wyp,[Wy] 

B, ,Wxp,[Wx]+=kx ,Wyp,[Wy]+=ky 

,Wxp,[Wx]-=kx * ,Wyp,[Wy]-=ky * 

,Wxp,[W5+W8] t Wyp,[W7+W8] 



none 



none 



,AWB 
none 



Operands: 



Operation: 



Status Affected: 

Encoding: 

Description: 



+ Alternate format for negative kx.ky 

Wm*Wm g {W0*W0; W1*W1; W2*W2; W3*W3} 
Wxp e {WO ... W3}; Wx e {W4, W5}; kx € {-6, -4, -2, 2, 4, 6}; 
Wyp e {WO ... W3}; Wy e {W6, W7}; ky e {-6, -4, -2, 2, 4, 6}; 
AWB e {W9, [W9]++} 

(ACC(A or B)) + (Wm)*(Wm) -» ACC(A or B); 
([Wx])-» Wxp; (Wx)+kx->Wx; 
([Wy])-» Wyp; (Wy)+kyn>Wy; 
(ACC(B or A)) rounded -> AWB 

OA, OB, SA, SB 



1111 


00mm 


AOxx 


yyii 


iij j 


j jaa 



Signed, fractional or integer square the contents of a W register. The 32-bit 
result is sign-extended to 40-bits and added to the specified accumulator. 
Wx register specifies the prefetch of the multiplier Wxp register. The 
prefetch is done with indirect, indirect with post inc/dec, indirect with regis- 
ter offset, copy of the other prefetch or none. Post-modify Wx as required. 
Wy register specifies the prefetch of the multiplier Wyp register. Post-modify 
Wy as required. 

AWB specifies the direct or indirect store of the convergently rounded con- 
tents of other accumulator, if required. 

The 'm' bits select the operand register Wm for the square: 

The 'A bit selects the accumulator for the result. The other accumulator is 

used for write back. 

The 'i' bits select the Wx pre-fetch operation. 

The ( j' bits select the Wy pre-fetch operation. 

The 'x' bits select the pre-fetch Wxp destination. 

The y bits select the pre-fetch Wyp destination. 

The 'a' bits select the accumulator write-back destination. 



See Table 1-9 through Table 1-14 for modifier addressing information. 



Words: 
Cycles: 



1 
1 



Examples 

Examplel MAC A,W2*W2,W0=[W4]-=6,W1=[W6],[W9]++ ; Square and Accumulate A 

Before Instruction 

ACCA = 2 

ACCB = 3 

WO = 5 

W1 =6 

W2 = 7 

W3 = 8 

W8 = 1000 

W1 0 = 2000 

RAM(994) = 16 

RAM(1000) = 17 

RAM(2000) = 18 
After Instruction 

ACCA = 2+7*8=58 

ACCB = 3 

W0= 17 

W1 =18 

W2 = 7 

W3 = 8 

W8 = 994 

W10 = 2000 

RAM(994) = 3 

RAM(1000) = 17 

RAM(2000) = 18 



SRAC 



Store Rounded Accumulator 



Syntax: {label:} SAC.R A, Wnd, [, Slit4] 

B, [Wnd], 
[Wnd]++ 
[Wnd]-- 
[Wnd--], 
[Wnd+Wb], 
[Wnd+lit5] 



Operands: Wnd e [WO ... W15]; 

Wbe [W0...W15]; Iit5e [0 ...31] 
Slit4 e [-8 ... +7] 

Operation: Shift S | it4 (ACC) (optional); Round(ACC);(ACC[31 :1 6]) -> Wnd 

Status Affected: None 



1100 


1101 


Awww 


wrrr 


rhhh 


ssss 



Description: Optionally shift accumulator, round and store convergent rounded accumu- 

lator, ACC, to the destination effective address. 



The TV bits specify the source accumulator. 
The 's' bits specify the destination register Wnd. 
| The 'h' bits select destination address mode 3. 

The 'w' bits specify the offset amount Iit5 OR the offset register Wb. 

The Y bits encode the optional operand Slit4 which determines the amount 

of the accumulator preshift; if the operand SIM is absent, a 0 is encoded. 

See Table 1-7 for modifier addressing information. 

Note: Positive values of operand Slit4 represent arithmetic shift right. 
Negative values of operand Slit4 represent shift left. 



Examples 



Words: 1 
Cycles: 1 

Examplel SAC.R B,W5 ; Store RoundedAccumulator 

Before Instruction 



After Instruction 



STDW 



Double Word Move from Wns to Stack or destination 



Syntax: {label:} MOV.D Wns ,Wd 

,[Wd] 

,[Wd]++ 
,[Wd]» 

,[Wd++] 
,[Wd--] 

PUSH.D Wns 



Operands: Wns e [WO ... W14] 

Wde [WO... W15] 

Operation: See Section 5.6 

Status Affected: None 



1011 


1110 


lOqq 


qddd 


dOOO 


sssO 



Description: This instruction moves two registers to two other locations.in one cycle. 



First move a specified Wns register to [Wd] and update Wd according to the 
addressing mode, then move the next higher adjacent Wns register to [Wd] 
and update Wd. 

The assembly mnemonic PUSH.D translates to MOV.D Wns,[W15]~ 

The ( s' bits select the address of the source register pair. 
The 'd' bits select the address of the destination register. 
The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 



Examples 



Words: 
Cycles: 

Example 1 



Note: This instruction only operates on double word operands 



PUSH.D W4 
Before Instruction 



; Push W4 and W5 into stack 



After Instruction 



STQW 



Quad Word Move from Wns to Stack or destination 



Syntax: {label:} MOV.Q Wns ,[Wd] 

,[Wd]++ 
,[Wd]~ 
,[Wd++] 

PUSH.Q Wns 



Operands: 
Operation: 



Description: 



Wnse [W0,W4,W8,W12] 
Wde [WO... W15] 

See Section 5.6 



Status Affected: 


None 












Encoding: 


1011 


1110 


llqq 


qddd 


dOOO 


ssOO 



cycle. 



The assembly mnemonic "PUSH.Q Wns" translates to MOV.Q Wns,[W15]~ 

The £ s' bits select the address of the source register quad. 
The 'd' bits select the address of the destination register. 
The £ q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 
Note: This instruction only operates on quad word operands 

Words: 1 
Cycles: 1 

Examples 

Examplel PUSH.Q W4 ; Push W4,W5,W6,W7 into stack 

Before Instruction 



After Instruction 



STW 

Syntax: 

Operands: 

Operation: 
Status Affected: 
Encoding: 
Description: 



Move Wn to f 


{label:} 


MOV 


\A/n 


T 






f e [0... 65535] 
Wne [WO... W15] 










(Wn) -> f 












None 












1001 


ssss 


ffff 


ffff 


ffff 


ffff 



Move the contents of a specified W register to any file register. 

The 's' bits select the address of the source register. 
The T bits select the address of the file register. 

Note: This instruction only operates on word operands 



Examples 



Words: 
Cycles: 

Example 1 



MOV W6,RAM100 
Before Instruction 



;Move W6 to RAM 100 



After Instruction 



SUB 



Subtract Ws from Wb 



Syntax: 



{label:} SUB{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 



Wd 
[Wd] 
[Wd]++ 
[Wd]- 
[Wd++] 
[Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Examples 



Words: 
Cycles: 

Examplel 



Wbe [WO... W15]; Ws - 
(Wb)-(Ws)-»Wd 
C, DC, N, OV, Z 



[WO ... W15]; Wd e [WO ... W15] 



0101 


Owww 


wBgq 


qddd 


dppp 


ssss 



Subtract the contents of the source register Ws from the contents of the 
base register Wb and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUB W5,W6,W7 
Before Instruction 



; Subtract W5 from W6 



After Instruction 



SUBAB 



Subtract Accumulators 



Syntax: {label:} SUB A 

B 



Examples 



Operands: 
Operation: 

Status Affected: 

Encoding: 

Description: 



Words: 
Cycles: 

Examplel 



none 



if (SUBAB A) then ACCA - ACCB -> ACCA 
if (SUBAB B) then ACCB - ACCA -> ACCB 

OA, OB, SA, SB 



1100 


1011 


A011 


0000 


0000 


0000 



Subtract Accumulators and write results to selected accumulator. 
The 'A 1 bits specify the destination accumulator. 



SUB 



Before Instruction 



; Subtract ACCA from ACCB, result 
to ACCB 



After Instruction 



SUBBFW Subtract f and Carry bit from Ww 

Syntax: {label:} SUBRB{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0 ... 8191] 

(Ww) - (f) - (C) -> destination designated by D 
C, DC, N, OV, Z 



1011 


1101 


lBDf 


ffff 


ffff 


ffff 



of the working register and place the result in the destination designated by 
D: If the optional Ww is specified, D=0 and store result in Ww; otherwise, 
D=1 and store result in the file register. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension ,b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 1 
Cycles: 1 

Examplel SUBRB RAM135,Ww ; Subtract 

Before Instruction 



After Instruction 



SUBB 



Subtract Ws from Wb with Borrow 



Syntax: 



{label:} SUBBf.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws--], 



Wd 
[Wd] 
[Wd]++ 
[Wd]» 
[Wd++] 
[Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Examples 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; Ws e [WO ... W15]; Wd e [WO 
(Wb) - (Ws) - (C) -» Wd 
C, DC, N, OV, Z 



, W15] 



0101 


lwww 


wBqg 


gddd 


dppp 


ssss 



Subtract the contents of the source register Ws and the Carry flag from the 
contents of the base register Wb and place the result in the destination reg- 
ister Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The £ p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a ,w extension to denote a 
word operation, but it is not required. 



SUBB W5,W6,W7 
Before Instruction 



; Subtract 



After Instruction 



SUBBLS 



Subtract Short Literal from Wb with Borrow 



Syntax: {label:} SUBB{.b} Wb, Iit5, Wd 

[Wd] 
[Wd]+4 
[Wd]~ 
[Wd++] 
[Wd--] 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; litS e [0 ... 31]; Wd e [WO . 

(Wb)-lit5-(C)-»Wd 

C, DC, N, OV, Z 



, W15] 



0101 


lwww 


wBqg 


qddd 


dllk 


kkkk 



Subtract the literal operand and the Carry bit from the contents of the base 
register Wb and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the base register. 

The l k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUBB W5,#12,W7 
Before instruction 



; Subtract 



After Instruction 



SUBBLW 



Subtract Wn from Literal with Borrow 



Syntax: {label:} SUBB{.b} SliMO, Wn 



Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Exampfel 



SlitIO e [-512 ... 511]; Wn e [WO ... W15] 
Slit10-(Wn)-(C) ^Wn 
C, DC, N, OV, Z 



1011 


0001 


lBkk 


kkkk 


kkkk 


dddd 



Subtract the literal operand and the Carry bit from the contents of the work- 
ing register Wn and place the result in the working register Wn. 

The 'B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The 'k' bits specify the literal operand, a signed 1 0-bit number. 



Note: 



The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUBB #123,W7 
Before Instruction 



; Subtract 



After Instruction 



SUBBR 



Subtract Wb from Ws with Borrow 



Syntax: 



{label:} SUBBR{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws-], 



Wd 
[Wd] 
[Wd]++ 
[Wd]» 
[Wd++] 
[Wd--] 



I Examples 
I 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Exampiel 



Wb e [WO ... W15]; Ws e [WO ... W15]; Wd e [WO 

(Ws)-(Wb)-(C)->Wd 

C, DC, N, OV, Z 



, W15] 



0001 


lwww 


wBqq 


qddd 


dppp 


ssss 



Subtract the contents of the base register Wsb and the Carry flag from the 
contents of the source register Ws and place the result in the destination 
register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The W bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUBBR 
Before Instruction 



W5,W6,W7 



; Subtract W6 from W5 with borrow 



After instruction 



I 



SUBBRLS 



Subtract Wb from Short Literal with Borrow 



Syntax: 



{label:} SUBBR{.b} 



Wb, 



Iit5 



Wd 
[Wd] 
[Wd]++ 
[Wd]~ 
[Wd++] 
[Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Examples 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; Iit5 e [0 ... 31]; Wd e [WO ... W15] 

iit5-(Wb)-(C)->Wd 

C, DC, N, OV, Z 



0001 


lwww 


wBqq 


qddd 


dllk 


kkkk 



Subtract the contents of the base register Wb and the Carry flag from Iit5 
and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUBBR W5,#12,W7 
Before Instruction 



; Subtract W5 from 12 



After Instruction 



SUBBWF Subtract Ww and Carry bit from f 

Syntax: {label:} SUBB{.b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f g [0...8191] 

(f) - (Ww) - (C) -> destination designated by D 
C, DC, N, OV, Z 



1011 


0101 


lBDf 


ffff 


ffff 


ffff 



Subtract the contents of the working register and the carry bit from the con- 
tents of the file register and place the result in the destination designated by 
D: If the optional Ww is specified, D=0 and store result in Ww; otherwise, 
D=1 and store result in the file register. 



The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 



Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 1 
Cycles: 1 

Examples 

Examplel SUBB RAM135,Ww ; Subtract 

Before Instruction 



After Instruction 



SUBFW 



Subtract f from Ww 



Syntax: 



{label:} SUBR{.b} 



,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0...8191] 

(Ww) - (f) destination designated by D 
C, DC, N, OV, Z 



1011 


1101 


OBDf 


ffff 


ffff 


ffff 



Subtract the contents of the file register from the contents of the working 
register and place the result in the destination designated by D: If the 
optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 and 
store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The 'f bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 
Cycles: 



I Examples 



Examplel 



SUBR RAMI 35, ww 

Before Instruction 



; Subtract 



After Instruction 



SUBLS Subtract Short Literal from Wb 

Syntax: {label:} SUB{.b} Wb, Iit5, Wd 

[Wd] 
[Wd]++ 
[Wd]» 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; litS e [0 ... 31]; Wd e [WO ... W15] 
(Wb) - lit5-»Wd 
C, DC, N, OV, Z 



0101 


Owww 


wBqg 


qddd 


dllk 


kkkk 



place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The V bits select the address of the base register. 

The 'k* bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



SUB W5,#12,W7 
Before Instruction 



; Subtract 



After Instruction 



SUBLW 



Syntax: 



Subtract Wn from Literal 



{label:} SUB{.b} SlitIO, Wn 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



SlitIO e [-512 ... 511]; Wn e [WO ... W15] 
SlitIO -(Wn)->Wn 
C, DC, N, OV, Z 



1011 


0001 


OBkk 


kkkk 


kkkk 


dddd 



Subtract the working register from the contents of the literal operand and 
place the result in the working register Wn. 

The 'B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The 'k' bits specify the literal operand, a signed 10-bit number. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Example 1 



SUB #123,W7 
Before instruction 



; Subtract 



After Instruction 



SUBR 



Subtract Wb from Ws 



Syntax: 



{label:} SUBR{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]-, 
[Ws++], 
[Ws-], 



Wd 
[Wd] 
[Wd]++ 
[Wd]- 
[Wd++] 
[Wd~] 



I Examples 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Words: 
Cycles: 

Examplel 



Wb e [WO ... W15]; Ws e [WO ... W15]; Wd e [WO , 

(Ws)-(Wb)^Wd 

C, DC, N, OV, Z 



. W15] 



0001 


Owww 


wBqq 


qddd 


dppp 


ssss 



Subtract the contents of the base register Wb from the contents of the 
source register Ws and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The 'w' bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



SUBR W5,W6,W7 
Before Instruction 



; Subtract W6 from W5 



After Instruction 



I 



SUBRLS 



Subtract Wb from Short Literal 



Syntax: 



{label:} SUBR{.b} 



Wb, 



(its 



Wd 
[Wd] 
[Wd]++ 
[Wd]« 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; litS e [0 ... 31]; Wd e [WO ... W15] 

lit5-(Wb)->Wd 

C, DC, N, OV, Z 



0001 


Owww 


wBgq 


qddd 


dllk 


kkkk 



Subtract the contents of the base register Wb from the litS and place the 
result in the destination register Wd. 

The 'B* bit selects byte or word operation. 

The W bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



I Examples 



Words: 
Cycles: 

Examplel 



SUBR W5,#12,W7 
Before Instruction 



; Subtract W5 from 12 



After Instruction 



I 



SUBWF 



Subtract Ww from f 



Syntax: 



{label:} SUB{.b} 



{,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0 ... 8191] 

(f) - (Ww) -> destination designated by D 
C, DC, N, OV, Z 



1011 


0101 


OBDf 


ffff 


ffff 


ffff 



Subtract the contents of the working register from the contents of the file 
register and place the result in the destination designated by D: If the 
optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 and 
store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Words: 
Cycles: 



Examples 



Examplel 



SUB RAM135, ww 

Before Instruction 



i Subtract 



After Instruction 



SWAP Byte or Nibble Swap Wn 



Syntax: {label:} SWAP Wn 



Operands: 
Operation: 



Wne [WO... W15] 

If B=0; (Wn)<15:8> <-> (Wn)<7:0> 
If B=1 ; (Wn)<7:4> <-» (Wn)<3:0> 



Description: 



Status Affected: 


None 












Encoding: 


1111 


1101 


1B00 


0000 


0000 


ssss 



If in word mode, byte swap Wn register. 

If in byte mode, nibble swap Wn register. Wn<15:8> are unaffected. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the working register 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



SWAP Wll 
Before Instruction 



; Swap Bytes 



After Instruction 



TBLRDH Table Read High 



Syntax: {label:} TBLRDHf.b} [Ws], Wd 

[Ws]++, [Wd] 
[Ws]~, [Wd]++ 
[Ws++], [Wd]-- 
[Ws--], [Wd++] 
[Wd-] 



Ws e [WO ... W15]; Wd e [WO ... W15] 
In Word Mode: 

Program Mem [(PAGNUM),(Ws)] <23:16> ^ Wd <7:0> 

0-> Wd<15:8> 
In Byte Mode: 

lfl_SB(Ws)=1, 0->Wd<7:0> 

Else if LSB(Ws)=0, Program Mem [(PAGNUM),(Ws)] <23:16>->Wd<7:0> 
Status Affected: None 



Encoding: 



1011 


1010 


lBqq 


qddd 


dppp 


ssss 



Description: This instruction is used to read the contents of program memory. 

The program memory address is calculated by concatenating the contents of 
the 8-bit Table Pointer (PAGNUM) register with the contents of the Ws register. 

Because the Ws value is always used as an address, the direct form of the first 
operand is invalid. 

The program memory word is stored in the location indicated by the Wd oper- 
and. 



Operands: 
Operation: 



For this instruction, the upper 8 bits of the program memory word 
(extended with ( 0's) are read. 

The C B' bit selects byte or word operation. 

The £ s 5 bits select the address of the source (address) register. 

The 'd' bits select the address of the destination (data) register. 

The ( p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 



Examples 



Words: 
Cycles: 

Examplel 



Note: 

1 
2 



The extension .b in the instruction denotes a byte move rather than a 
word move. You may use a .w extension to denote a word move, but 
it is not required. 



TBLRDH W5, W6 



; Read Program Memory High 



Before Instruction 



After Instruction 



TBLRDL Table Read Low 



Syntax: 



{label:} TBLRDL{.b} 



[Ws], 


Wd 


[Ws]++, 


[Wd] 


[Ws]--, 


[Wd]++ 


[Ws++], 


[Wd]~ 


[Ws-], 


[Wd++] 




[Wd~] 



Operands: 
Operation: 



Description: 



Ws e [WO ... W15]; Wd e [WO ... W15] 

In Word Mode: 

Program Mem [(PAGNUM).(Ws)] <15:0> -» Wd 
In Byte Mode: 

If LSB(Ws)=1 , Program Mem [(PAGNUM),(Ws)] <1 5:8> -> Wd<7:0> 
Else if LSB(Ws)=0, Program Mem [(PAGNUM),(Ws)] <7:0> -> Wd<7:0> 



Status Affected: 


None 












Encoding: 


1011 


1010 


OBqq 


qddd 


dppp 


ssss 



This instruction is used to read the contents of program memory, 

The program memory address is calculated by concatenating the contents of 
the 8-bit Table Pointer (PAGNUM) register with the contents of the Ws register. 

Because the Ws value is always used as an address, the direct form of the first 
operand is invalid. 

The program memory word is stored in the location indicated by the Wd oper- 
and. 

For this instruction, the lower 16 bits of the program memory word are 
read. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source (address) register. 

The 'd' bits select the address of the destination (data) register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

Note: The extension .b in the instruction denotes a byte move rather than a 
word move. You may use a .w extension to denote a word move, but 
it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



TBLRDL W5,W6 



; Read Program Mememory Low 



Before Instruction 



After Instruction 



TBLWTH Table Write High 



Syntax: 



{label:} 



TBLWTH 



Ws, 


[Wd] 


[Ws], 


[Wd]++ 


[Ws]++, 


[Wd]~ 


[Ws]-, 


[Wd++] 


[Ws++], 


[Wd-], 


[Ws--], 





Operands: 
Operation: 



Description: 



Ws g [WO ... W15]; Wd e [WO ... W15] 

In Word Mode: 

(Ws)<7:0>-> Program Mem [(PAGNUM).(Wd)] <23:16> 
In Byte Mode: 

If LSB(Wd)=1, NOP 

Else if LSB(Wd)=0, Ws<7;0>-> Program Mem [(PAGNUM),(Wd)]<23:16> 



Status Affected: 


None 












Encoding: 


1011 


1011 


lBqq 


qddd 


dppp 


ssss 



This instruction is used to write the contents of Program Memory. 

The program memory address is calculated by concatenating the contents of 
the 8-bit Table Pointer (PAGNUM) register with the result of the Wd operand. 

Because the Wd value is always used as an address, the direct form of the sec- 
ond operand is invalid. 

The contents of the Ws operand are stored into program memory at the loca- 
tion indicated by the Wd operand. 

This instruction writes the upper 8 bits of the program memory word. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source (data) register. 

The 'd' bits select the address of the destination (address) register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 



Examples 



Words: 
Cycles: 

Exampiel 



Note: 

1 
2 



The extension .b in the instruction denotes a byte move rather than a 
word move. You may use a .w extension to denote a word move, but it 
is not required. 



TBL- 
WTH 



W5,W6 



; Load Program Memory High 



Before Instruction 
After Instruction 



TBLWTL 



Table Write Low 



Syntax: 



{label:} TBLWTL{.b} 



Ws, 


[Wd] 


[Ws], 


[Wd]++ 


[Ws]++, 


[Wd]~ 


[Ws]--, 


[Wd++] 


[Ws++], 


[Wd-], 


[Ws--], 





Operands: 
Operation: 



Description: 



Words: 
Cycles: 



Ws e [WO ... W15]; Wd e [WO ... W15] 
Se [0, 1] (default = 0) 

In Word Mode: 

(Ws) -> Program Mem [(PAGNUM),(Wd)] <15:0> 
In Byte Mode: 

If LSB(Ws)=1, Ws<7:0> -» Program Mem [(PAGNUM),(Wd)] <15:8> 
Else if LSB(Wd)=0, Ws<7:0> Program Mem [(PAGNUM).(Wd)] <7:0> 



Status Affected: 


None 












Encoding: 


1011 


1011 


OBqq 


qddd 


dppp 


ssss 



This instruction is used to program the contents of Program Memory. 

The program memory address is calculated by concatenating the contents of 
the 8-bit Table Pointer (PAGNUM) register with the result of the Wd operand. 

Because the Wd value is always used as an address, the direct form of the sec- 
ond operand is invalid. 

The contents of the Ws operand are stored into program memory at the loca- 
tion indicated by the Wd operand. 

This instruction writes the lower 16 bits of the program memory word. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source (data) register. 

The 'd' bits select the address of the destination (address) register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2 



Note: 

1 

2 



The extension .b in the instruction denotes a byte move rather than a 
word move. You may use a .w extension to denote a word move, but it 
is not required. 



Examples 



Examplel 



TBLWTL W5, W6 



; Load Program Memory Low 



Before Instruction 



After Instruction 



ULNK 



Syntax: 



De-allocate Stack Frame 



{label:} ULNK 



Operands: 
Operation: 

Status Affected 

Encoding: 

Description: 

Words: 
Cycles: 

Examples 

Examplel 



None 

W14-» W15; 
[W15++]^W14 

None 



1111 


1010 


1000 


0000 


0000 


0000 



This instruction de-allocates a stack frame and adjusts the stack pointer and 
frame pointer. 

1 

1 



ULNK ;Deallocate stack frame 



TRAP 



Syntax: 



Trap to vector(litl) with Iit16 



{label:} TRAP Iit1, lilt 6 



Operands: Iit1 e [0,1]; 

Iit16e [0... 65535] 

Operation: (PC) +2 -> PC, 

(PC<15:0>)->TOS, 

(W15)+2->W15 

(PC<23:16>)^TOS, 

(W15)+2-^W15 

Vector(litl) -»PC; 

iit16->TOS 

Status Affected: None 



Encoding: 



0000 


lOln 


kkkk 


kkkk 


kkkk 


kkkk 



Description: This instruction allows instruction expansion. The instruction will call a vec- 

tor location with the Iit16 value pushed onto the stack. 

Words: 1 

Cycles: 2 

Examples 

Examplel TRAP #0,#0x5A5A 



XOR 



Exclusive or Wb and Ws 



Syntax: 



{label:} XOR{.b} 



Wb, 



Ws, 
[Ws], 
[Ws]++, 
[Ws]--, 
[Ws++], 
[Ws-], 



Wd 
[Wd] 
[Wd]++ 
[Wd]- 
[Wd++] 
[Wd-] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb e [WO ... W15]; Ws e [WO ... W15]; Wd e [WO ... W15] 

(Wb).XOR.(Ws)^Wd 

N,Z 



0110 


lwww 


wBqq 


qddd 


dppp 


ssss 



Compute Exclusive OR of the contents of the source register Ws and the 
contents of the base register4 Wb and place the result in the destination 
register Wd. 

The 'B' bit selects byte or word operation. 

The 's' bits select the address of the source register. 

The V bits select the address of the base register. 

The 'd' bits select the address of the destination register. 

The 'p' bits select source address mode 2. 

The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



XOR W5,W6,W7 
Before Instruction 



;Xor 



After Instruction 



XORLS 



Exclusive Or Wb and Short Literal 



Syntax: 



{label:} XOR{.b} 



Wb, 



Iit5, 



Wd 
[Wd] 
[Wd]++ 
[Wd]» 
[Wd++] 
[Wd--] 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Wb g [WO ... W15]; Iit5 e [0 ... 31]; Wd e [WO . 

(Wb).XOR.Iit5->Wd 

N,Z 



. W15] 



0110 


lwww 


wBqq 


qddd 


dllk 


kkkk 



Compute the Exclusive Or of the contents of the base register Wb and the 
literal operand and place the result in the destination register Wd. 

The 'B' bit selects byte or word operation. 

The W bits select the address of the base register. 

The 'k' bits provide the literal operand, a five-bit integer number. 

The 'd' bits select the address of the destination register. 

The 'q' bits select destination address mode 2. 

See Table 1-6 for modifier addressing information. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



XOR W5,#12,W7 
Before Instruction 



; Exclusive Or 



After instruction 



XORLW Exclusive Or Literal and Wn 



Syntax: {label:} XOR{.b} Slitl 0, Wn 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



Slitl 0 e [-512 ... 511]; Wn e [WO ... W15] 



Slitl O.XOR.(Wn)->Wn 










N,Z 












1011 


0010 


lBkk 


kkkk 


kkkk 


dddd 



Compute the Exclusive Or of the literal operand and the contents of the 
working register Wn and place the result in the working register Wn. 

The £ B' bit selects byte or word operation. 

The 'd' bits select the address of the working register. 

The £ k' bits specify the literal operand, a signed 10-bit number. 

Note: The extension .b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



XOR #123,W7 
Before Instruction 



; Exclusive Or 



After Instruction 



XORWF Exclusive Or f and Ww 



Syntax: {label:} ADD{,b} f {,Ww} 



Operands: 
Operation: 
Status Affected: 
Encoding: 
Description: 



f e [0... 8191] 

(f).XOR.(Ww) destination designated by D 
N,Z 



1011 


0110 


IBDf 


ffff 


ffff 


ffff 



Compute the XOR of the contents of the working register and the contents 
of the file register and place the result in the destination designated by D: If 
the optional Ww is specified, D=0 and store result in Ww; otherwise, D=1 
and store result in the file register. 

The 'B' bit selects byte or word operation. 

The 'D' bit selects the destination. 

The T bits select the address of the file register. 

Note: The extension ,b in the instruction denotes a byte operation rather 
than a word operation. You may use a .w extension to denote a 
word operation, but it is not required. 



Examples 



Words: 
Cycles: 

Examplel 



XOR RAM135, Ww 
Before Instruction 



; Exclusive Or 



After Instruction 



Zero Extend Wn 



Syntax: 



{label:} 



ZE 



Ws, 


Wd 


[Ws], 


[Wd] 


[Ws]++, 


[Wd]++ 


[Ws]--, 


[Wd]» 


[Ws++], 


[Wd++] 


[Ws-], 


[Wd-] 



Examples 



Operands: 

Operation: 

Status Affected: 

Encoding: 

Description: 



Words: 
Cycles: 

Examplel 



Wsg [WO... W15]; 
Wde [WO... W15] 

Ws<7:0> -» Wd<7:0>; 
0 -> Wd<15:8>; 

None 



1111 


1011 


lOqq 


qddd 


dppp 


ssss 



ZE zero-extends the eight bit value in Wn (LSB's) to a 16-bit value. 

The 's' bits select the address of the source register. 
The 'd' bits select the address of the destination register. 
The 'p' bits select source address mode 2. 
The 'q' bits select destination address mode 2. 

See Table 1-5 and Table 1-6 for modifier addressing information. 

Note: The operation converts a byte to a word. 



ZE W5 
Before Instruction 



; Sign extend 



After Instruction 



APPENDIX B 



4.0 ADDRESS GENERATOR 
UNITS 



address spaces. If they are not, one of the EAs will be 
outside the address space of the corresponding data 
space (and will fetch the bus default value, 0x0000). 



The dsPIC core contains two independent address 
generator units. The X AGU is for MCU and DSP 
instructions. The Y AGU is for DSP MAC class of 
| instructions only. They are capable of supporting three 
types of data addressing: 

• Linear addressing 

• Modulo (circular) addressing 

• Bit Reversed addressing (X AGU only) 

Linear and modulo data addressing modes can be 
applies to data space or program space. Although bit 
reversed addressing will work with any EA calculation, 
by definition it is only applicable to data space. 

4.0.1 Data Space Organization 

| Although the data space memory is organized as 16- 
bit words, all effective addresses (EAs) point to bytes. 
Instructions can thus access any byte or aligned words 

| (data words at an even address). Misaligned word 
accesses are not supported, and if attempted will ini- 
tiate an address error trap. The LS-bit of the EA is 

| used to determine upper or lower byte access. The 
LS-bit becomes a 'don't care' for word accesses. Each 
memory (or register where appropriate) must provide 

| independent upper and lower byte write lines to sup- 
port byte writes. In addition, a muliplexor must be 
included to route the LS byte of an operand to the 
upper or lower byte of the target EA word for both 
reads and writes. 

When executing instructions which require just one 
source operand to be fetched from data space, the X 
AGU is used to calculate the effective address. The 
AGU can generate an address to point to anywhere in 
the 64K byte data space. It supports all addressing 
modes, modulo addressing for low overhead circular 
buffers, and bit reversed addressing to facilitate FFT 
data reorganization. 

| When executing instructions which require two source 
operands to be concurrently fetched (i.e. the MAC 
class of DSP instructions), both the X and Y AGUs are 
used simultaneously and the data space is split into 2 
independent address spaces, X and Y. The Y AGU 
supports register indirect post-modified and modulo 
addressing only. Note that the data write phase of the 
MAC class of instruction does not split X and Y 
address space. The write EA is calculated using the X 
AGU and the data space is configured for full 64Kbyte 
access. 

In the split data space mode, some W register address 
pointers are dedicated to AGU X, others to AGU Y 
| (see Section 1.2.4 for details). The EAs of each oper- 
and must therefore be restricted to be within different 



4.1 Instruction Addressing Modes 

The basic set of addressing modes shown in Table 4- 
1. Note that, l Wn+- indicates that the contents of Wn 
is added to something to form the effective address 
which is then written back into Wn. 'Wn+' indicates 
that the contents of Wn is added to something to form 
the effective address but the contents of Wn remain 
unchanged. 



The addressing modes in Table 4-1 form the basis of 
three groups of addressing modes optimized to sup- 
port specific instruction features. They are MODE1, 
MODE2 and MODE3. The DSP MAC and derivative 
instructions are an exception where the addressing 
modes are encoded differently. This set of addressing 
modes is referred to as MODE4. Refer to dsPIC 
Instruction Set DOS for full details. 



Addressing Mode 


Function 


Description 


Register Direct 


EA = Wn 


Wn is the bA 


Register Indirect 


EA - [Wn] 


The contents of Wn forms the EA 


Register Indirect Post-modified 


EA = [Wn]+= 1 
EA = [Wn]-= 1 


The contents of Wn forms the EA which is post-modi- 
fied by a constant value 


Register Indirect Pre-modified 


EA = [Wn+= 1] 
EA = [Wn-=1] 


Wn is pre-modified by a signed constant value to form 
theEA 


Register Indirect with Register Offset 


EA = [Wn + Wb] 


The sum of Wn and Wb forms the EA 


Register Indirect with Constant Offset 


EA = [Wn + constant] 


The sum of Wn and a signed constant value forms 
the EA 



Note 1 : EA = effective address 

2: All address modification values (except Wb) are scaled for word access 



TABLE 4-1 : FUNDAMENTAL ADDRESSING MODES SUPPORTED 

All but a few instructions support both 8-bit and 16-bit 
operand data sizes. In order to efficiently accommo- 
date this requirement, all effective addresses are byte 
aligned. As the data space is 16-bits wide, the follow- 
ing consequences must be understood. 

1. Mis-aligned word accesses are not supported. 
AH word effective addresses must be even (the 
LS-bit of the EA is ignored by the data space 
memory). 

2. The LS-bit of the effective address is used to 
select which byte (upper or lower) is multiplexed 
onto bits [7:0] of the data bus for byte sized 
accesses. 

3. Post and pre-modification of a register by a con- 
stant value to create a new effective address 
must take into account of the data size 
accessed. All constant values, whether implied 
(e.g. post-inc) or declared (e.g. post-modify with 
S5lit) are scaled by a factor of 2 for word 
accesses. For example: 

[Ws]+=1 will post-modify data source pointer Ws 
by 1 for a byte access, and by 2 for a word access. 

[Ws]+=Slit5 will post-modify data source pointer 
Ws by Slit5 for byte accesses and Slit5«1 (shift 
left by 1) for word accesses. 
Note: Register offsets are not scaled. 



Unless otherwise noted, it is assumed that all 
addresses and addressing modes refer to byte size 
accesses. 

Note: All addressing modes which have to calcu- 
late the EA (pre-modified register offset and 
constant offset) have very tight timing 
requirements which may require some 
instruction addressing sequence restrictions 
in future DOS releases. 



4.1.1 MODE 1 

MODE1 determines the addressing mode for one of 
the two operand sources required for the three oper- 
| and instructions (found in categories 'MATH' and 
'SKIP'). These instructions are of the form: 

Result = Operand 1 <function> Operand 2 

Operandi is always a register (i.e. the addressing 
mode can only be register direct) which is referred to 
as Wb. Operand 2 is fetched from data memory based 
upon the addressing mode selected by MODEL 
MODE1 therefore defines one of the source operand 
addressing modes and implies that of the other source 
operand. 

In addition, MODE1 may also provide a signed 5-bit 
constant (literal) as the operand. In this case, the 
instruction is of the form: 

Result = Operand 1 <function> signed literal 



MODE1 

Bit Encoding 


Operand 1 


Operand 2 


Function 


Description 


Function 


Description 


000 


bA = Wb 


Register direct 


EA = Ws 


Register direct 


001 


EA = Wb 


Register direct 


EA - [Ws] 


Register indirect 


010 


EA = Wb 


Register direct 


EA = [Ws]-= 1 


Register indirect post-decremented 


011 


EA = Wb 


Register direct 


EA = [Ws]+= 1 


Register indirect post-incremented 


100 


EA = Wb 


Register direct 


EA = [Ws-=1] 


Register indirect pre-decremented 


101 


EA = Wb 


Register direct 


EA = [Ws+=1] 


Register indirect pre-incremented 


110 


EA = Ws 


Register direct 


Operand 2 - 
S5lit 


5-bit signed literal 


111 



TABLE 4-2:MODE1 ADDRESSING MODE DEFINITION 



Operand 1 is always a register (i.e. the addressing 
mode can only be register direct) which is selected 
from the Ws field in the instruction. The 4-bit Wb field 
forms the 4 LS-bits of a signed constant. It is concate- 
| nated with the LS-bit of the three bit MODE1 field to 
form the 5-bit signed constant value. 

In summary, MODE1 supports the addressing modes 
shown in Table 4-2. 



4.1.1.1 Model, Register Direct 

Addressing MODE1, submode 0 is register direct. The 
implied effective address is the memory mapped 
address of register Ws. 



Note: Rather than executing a memory fetch, it 
may be preferable to perform two W-array 
fetches if bussing allows 7 ?? 

The operand is contained in Ws as shown in Figure 4- 
1. 



Byte Operand Size 



15 



15 



0x1234 



W SRC [15.8)^ 

/w sRC [7:0] 



Not Used 



D, [15.8] = 0x00- 



D t [15.0] = 0x0034 . Operand #1 
D 2 115.0] = 0x0089 : Operand #2 



0x6789 



D 2 (15 8] = 0x00 . 

, W B [7 0] 



\w 6 [15 8] " 



Not Used 



Word Operand Size 



15 

W SRC | 0x1234 



15 



WJ 



0x6789 



Dt (15.0] = 0x1234 . Operand #1 
D 2 [15 0] = 0x6789 : Operand #2 



FIGURE 4-1 : REGISTER DIRECT (MODE1 , SUBMODE 0) 



4.1.1.2 Model, Register Indirect 

Addressing MODE1, submode 1 is register indirect. 
The effective address contained in register Ws points 
to the operand as shown in Figure 4-2. 



Byte Operand Size 



15 



W SRC I 0x1235 



EAJ15.1] 



EA[0J 



15 



OxAA I 0x55 



15 ir 



0x1234 



Select [ 
0x00- 



Mux 



D-t [15 8] 



D, [7 0] 



D, [15 0] = OxOOAA Operand #1 
D 2 [1 5.0] ~ 0x0089 Operand #2 



D 2 [15 8] = 0x00- 



15 



0x6789 



W B [7 0] 



^ W B [15.8] 



Not Used 



Word Operand Size 



15 0 
W src | 0x1234 \ 



15 0 
Wa I 0x6789 \ 



EA[15 1] 



EA[0] 
t 

Not Used 



15 



OxAA I 0x55 



0x1234 



Di [1 5.0] = 0xAA55 Operand #1 
D 2 [15 0] = 0x6789 Operand #2 



W B [15.0] 



FIGURE 4-2: REGISTER INDIRECT (MODE1, SUBMODE 1) 



I 4.1.1.3 Model, Register Indirect with 
Post Decrement 

| Addressing MODE1, submode 2 is register indirect 
with post decrement. The effective address contained 
in register Ws points to the operand. 



Ws is then post decremented as shown in Figure 4-3. 



Byte Operand Size 



0x1234 



15 



0x1235 




EA[151] 



W SBC = 0x1234 after execution 



EAIO] 



15 



OxAA l 0x55 



15 }f 



0x1234 



t 0 



■ Select [ 
0x00- 



Mux 



D [15.8] 



D {7:0] 



D, [15.0] = OxOOAA . Operand #1 
D 2 [15 0] = 0x0089 Operandi 



D 2 115 8] = 0x00- 



15 0 

1 0x6789 L 



W 8 f7 0] 



V W B [15 8] 



Not Used 



Word Operand Size 



0x1232 



W S1 



0x1234 




W SRC = 0x1232 after execution 



EA [15 11 



EA[0] 

T 

Not Used 



15 



OxAA 



0x55 



0x1234 



D, [15.0] = 0xAA55 Operand #1 
D 2 [15.0] = 0x6789 . Operand #2 



n^Tfto 1 W B [15 0] 

w 0x6789 



| FIGURE 4-3: REGISTER INDIRECT WITH POST DECREMENT (MODE1 , SUBMODE 2) 



4.1.1.4 Model, Register Indirect with 
Post Increment 

Addressing M0DE1, submode 3 is register indirect 
with post increment. The effective address contained 
in register Ws points to the operand. 



Ws is then incremented as shown in Figure 4-4. 



Bvte Operand Size 



0x1236 



15 



W SI 



0x1235 




EA{15 1] 



W.or = 0x1236 after execution 



EA[0] 



15 



OxAA I 0x55 



15 V 



0x1234 



V 0 



Select [_ 
0x00- 



Mux 



D[15 8] 



D [7.0] 



D! 115 0] = OxOOAA . Operand #1 
D 2 115 0] = 0x0089 Operand #2 



D 2 [15 8] = 0x00- 



15 



0x6789 



W B [7 0] 



yW B [15 8] 



Not Used 



Word Operand Size 



0x1236 



15 



0x1234 



W SRC = 0x1236 after execution 



15 



0x6789 



EA[15 1] 



EA [0] 

T 

Not Used 



15 



OxAA I 0x55 



0x1234 



D, {15-0] = 0xAA55 Operand #1 
D 2 (15 0] = 0x6789 . Operand #2 



W B [15 0] 



FIGURE 4-4: REGISTER INDIRECT WITH POST INCREMENT (MODE1, SUBMODE 3) 



4.1.1.5 Model, Register Indirect with Pre 
Decrement 

Addressing MODE1, submode 4 is register indirect 
with pre-decrement. 



Register Ws is decremented to form the effective 
address which points to the operand as shown in 
Figure 4-5. 



Bvte Operand Size 



0x1233 



EA[15.1] 



15 



0x1234 




W„ r = 0x1235 after execution 



EAf 



15 



OxAA | 0x55 



15 U 



0x1232 



V 0 



■ Select 



Mux 



0x00- 



D [15.8] 



D[7.0] 



[15.0] = 0x00 AA Operand #1 
D 2 [15 0] = 0x0089 . Operand #2 



D 2 [15 8] = 0x00- 



15 



0x6789 



W B [7 0] 



V W B [15 8] 



• Not Used 



Word Operand Size 



15 



0x1232 



0x1234 



W SRC = 0x1 236 after execution 



15 0 

1 0x6789 I 



EA[15.1] 




EA[0] 



Not Used 



15 



OxAA I 0x55 



0x1232 



D 1 [15.0] = 0xAA55 . Operand #1 
D 2 |15 0] = 0x6789 Operand #2 



W B [15 0] 



| FIGURE 4-5: REGISTER INDIRECT WITH PRE DECREMENT (MODE1, SUBMODE 4) 



4.1.1.6 Model, Register Indirect with Pre 
increment 

Addressing MODE1, submode 5 is register indirect 
with pre increment. 



Register Ws is incremented to form the effective 
address which points to the operand as shown in 
Figure 4-6. 



Bvte Operand Size 



0x1235 



EA[15.1] 



15 



0x1234 




W SRC = 0x1 235 after execution 



EA[0] 



15 



OxAA I 0x55 



15V 



- Select 
0x00- 



Mux 



0x1234 



V 0 



D[15 8} 


D[7 0] 






1 


r 



D 1 [15 0] = OxOOAA Operand #1 
D 2 [15 0] = 0x0089 Operand #2 



D 2 (15 8] = 0x00- 



15 



0x6789 



W B [7.0] 



W B [15 8] 



Not Used 



Word Operand Size 



15 



0x1236 



EA[15.1] 



W SRC | 0x1234 




T 



+2. 



EA[0) 



Not Used 



W„ c = 0x1236 after execution 



15 C 
OxAA j 0x55 



0x1236 



[15.0] = 0xAA55 Operand #1 
D 2 [15.0] = 0x6789 . Operand #2 



15 ° W B [15.0] 

w | 0x6789 | 



| FIGURE 4-6: REGISTER INDIRECT WITH PRE INCREMENT (MODE1, SUBMODE 5) 



4.1.1.7 Model, Register Direct with 5-bit 
Signed Literal 

Addressing MODEL submode 6/7 is register direct 
with 5-bit signed literal. As shown in Figure 4-7, oper- 
and 1 is contained in Ws. 



Operand 2 is the 5-bit signed literal embedded within 
the instruction. The 4-bit Wb field forms the 4 LS-bits 
of a signed constant. It is concatenated with the LS-bit 
of the three bit MODE1 field to form the 5-bit signed 
constant value. 



Byte Operand Size 



15 



0x1234 



W SRC [15 8] 
W SRC [7 0] 



• Not Used 



0,115.8] = 0x00- 



D n [15.0] = 0x0034 . Operand #1 
Slrt 5 (sign extended) : Operand #2 



Word Operand Size 

15 0 



r SRC | 0x1234 



Dt [15 0] = 0x1234 . Operand #1 
Slit 5 {sign extended) . Operand #2 



FIGURE 4-7: REGISTER DIRECT WITH 5-BIT SIGNED LITERAL (MODE1, SUBMODE 6/7) 



4.1.2 MODE 2 

MODE2 determines the addressing mode for either 
the result destination or a source operand, depending 
upon instruction requirements. It follows the same def- 
inition for each encoding as MODE1 except that it 
applies to only one operand. The MODE1 signed 5-bit 
constant value mode makes little sense where 
MODE2 is used, and is therefore not supported. 



In summary, MODE2 supports the addressing mode 
shown in Table 4-3. 



MODE2 
Bit Encoding 


Function 
(Source) 


Function 
(Destination) 


Description 


000 


tA = wsrc 


EA = Wdst ■ 


Register direct 


001 


EA = [Wsrc] 


EA = [Wdst] 


Register indirect 


010 


EA = [Wsrc]-= 1 


EA = [Wdst]-= 1 


Register indirect post-decremented 


011 


EA = [Wsrc]+= 1 


EA = [Wdst]+= 1 


Register indirect post-incremented 


100 


EA = [Wsrc-=1] 


EA = [Wdst-=1] 


Register indirect pre-decremented 


101 


EA = [Wsrc+=1] 


EA = [Wdst+=1] 


Register indirect pre-incremented 


110 


Unused 


Unused 




111 


Unused 


Unused 





TABLE 4-3.MODE 2 ADDRESSING MODE DEFINITION 



4.1 .2.1 Mode2, Register Direct 

Addressing M0DE2, submode 0 is register direct. The 
implied effective address is the memory mapped 
address of register Wsrc or Wdst. 

The operand is contained in Wsrc as shown in 
Figure 4-8, or the result is written to Wdst as shown in 
Figure 4-9. In both cases, Wsrc or Wdst is accessed 
through addressing its memory mapped image. Note 



that, as the EA is implicitly defined as a word address, 
byte data size accesses will only be able to read or 
write the LS byte<7:0> (LS-bit of the EA is always 
clear) in this addressing mode. 

Note: Rather than executing a memory fetch, it 
may be preferable to perform two W-array 
fetches if bussing allows? 77 



Bvte Operand Size 



0 (LSB) - 



15 




0 


OxAA | 0x55 






r 


j Mux 



Memory Mapped W SRC Address 



OxOG- 



D[15 8] 



D[7 0] 



D[15-0] = 0x0055 



Word Operand Size 



15 



OxAA I 0x55 



Memory Mapped W SRC Address 



D[15.O] = 0xAA55 



FIGURE 4-8: REGISTER DIRECT, OPERAND SOURCE (MODE2, SUBMODE 0) 



Byte Operand Size 



Before 
Execution 



After 
Execution 



wrrte_data_lower = true 
wnte_data_upper = false 



15 0 
OxAA I 0x55 



O(LSB) ►Selectf 



Mux 



Memory Mapped W DST Address 



OxAA I 0x34~ 



D{15 8] 
Not Used 



D[7 0] 



D[15 0] = 0x1234 



Word Operand Size 



Before 
Execution 



After 
Execution 



15 0 
OxAA I 0x55 



Memory Mapped W DST Address 



0x12 I 0x34 



D[15 0] = 0x1234 



FIGURE 4-9: REGISTER DIRECT, RESULT DESTINATION (MODE2, SUBMODE 0) 



4.1 .2.2 Mode2, Register Indirect 

Addressing M0DE2, submode 1 is register indirect. 
The effective address contained in register Wsrc 
points to the operand as shown in Figure 4-10, or 
| Wdst points to the result destination as shown in 
Figure 4-11. 



Bvte Operand Size 



15 0 
W SRC | 0x1235 \ - 



Word Operand Size 



15 



src | 0x1234 



EA[15.1] 



EA[0] 



15 



OxAA | 0x55 



15V V 0 



0x1234 



■ Select j Mux 
0x0a 



D[7.0] 



D[15.8] 

D[15 0]'= OxOOAA . Operand 



EA [15 1] 



EAjO] 

f 

Not Used 



15 



OxAA I 0x55 



0x1234 



DI15 0] = 0xAA55 Operand 



FIGURE 4-10: REGISTER INDIRECT, OPERAND SOURCE (MODE2, SUBMODE 1) 



Bvte Operand Size 



Before 
Execution 



After 
Execution 



15 



0x1235 



wrrte_data Jower = false 
wnte_data_ upper = false 
rf wnte_cycle 

if EA (0] = 0 
wnte_data_ lower = true 

else 

write_data_upper = true 



EA[15.1] 



EA[0] 



15 
OxAA 



0x55 



0x1234 



0x78 0x55 



* Select 



Mux 



D[15.8] 
Not Used 



D[7.0) 



D[15 0] = 0x5678 



Word Operand Size 



After 
Execution 



15 



w src| 0x1234 



EA[15 1] 



— r 

EA[0] 

T 

Not Used 




0x1234 



0x56 I 0x78 



D[15 0] = 0x5678 



| FIGURE 4-11: REGISTER INDIRECT, RESULT DESTINATION (MODE2, SUBMODE 1) 
I 



I 4.1.2.3 Mode2, Register Indirect with 
Post Decrement 

| Addressing M0DE2, submode 2 is register indirect 
with post decrement. The effective address contained 
in register Wsrc points to the operand, or the effective 

| address contained in register Wdst points to the result 
destination. 



Wsrc or Wdst is then post decremented as shown in 
Figure 4-12 and Figure 4-13. 



Byte Operand Size 



0x1234 



15 | 

w src | 0x1235 




EA[151] 



w src = 0x1234 after execution 



EA[0} 



15 



OxAA I 0x55 



0x1234 



15 f jf 0 

■ Select | Mux | 



0x00- 



D[7.0] 



D[15 8] 

D[15.0] = OxOOAA Operand 



Word Operand Size 



0x1232 



15 



0x1234 




EA [15.1J 



W SRC = 0x1232 after execution 



EA[0] 

V 

Not Used 



15 



OxAA I 0x55 



0x1234 



D[15 0] = 0xAA55 . Operand 



FIGURE 4-12: REGISTER INDIRECT WITH POST DECREMENT, SOURCE OPERAND (MODE2 
| SUBMODE 2) 



Byte Operand Size 



0x1234 



15 



W n5 



0x1235 



W D sT = 0x1234 after execution 



wnte_data_ lower = false 
wnte_data_ upper = false 
if wnte_cycle 

rf EA [0] = 0 
wnte_data_1ower = true 

else 

wrrte_data_ upper = true 



EA[15.1] 



EAJO] 



Before 
Execution 



After 
Execution 



15 



OxAA 



0x55 



0x1234 



0x76 | 0x55" 



* Select 



Mux 



D (15 8] 
Not Used 



D [15.0] = 0x5678 



Word Operand Size 



0x1232 



15 



0x1234 



EA[151) 



W DST = 0x1232 after execution 



^ 

EA[0] 

T 

Not Used 



15 



OxAA I 0x55 



J 



0x1234 



D [15 0] = 0x5678 



After 
Execution 



0x56 I 0x78 



FIGURE 4-1 3: REGISTER INDIRECT WITH POST DECREMENT, RESULT DESTINATION (MODE2, 
SUBMODE 2) 



4.1 .2.4 Mode2, Register Indirect with 
Post Decrement 

Addressing M0DE2, submode 3 is register indirect 
with post decrement. The effective address contained 
in register Wsrc points to the source operand, or the 
effective address contained in register Wdst points to 
the result destination 



Byte Operand Size 



0x1234 



15 



0x1235 




w src = 0x1234 after execution 



Word Operand Size 



0x1232 



15 



0x1234 



W SRC = 0x1232 after execution 



Wsrc or Wdst are then decremented as shown in 
Figure 4-14 and Figure 4-15. 



EA [15.1J 



EA[0] 



15 



OxAA t 0x55 



15 V 



0x1234 



t 0 



■ Select [ 
0x00- 



Mux 



D[7.0] 



D[15.8J 

D[15 0] = 0xOOAA Operand 



EA{15 1] 



EA[0] 



Not Used 



15 



0 



OxAA I 0x55 



T 



0x1234 



D[15 0] = 0xAA55 Operand 



FIGURE 4-14: REGISTER INDIRECT WITH POST INCREMENT, OPERAND SOURCE (MODE2, 
SUBMODE 3) 



Bvte Operand Size 



0x1234 



Before 
Execution 



After 
Execution 



W« 




EAI15 1] 



Wnt T = 0x1234 after execution 



wnte_data Jower = false 
write. data_ upper = false 
rf wrtte_cycle 

if EA [0] = 0 
wnte_data_lower = true 

else 

wnte_data_ upper = true 



EA[0] 



15 



OxAA | OxST 



4 



0x1234 



0x78 | 0x55" 



■ Select 



Mux 



D[15.8] 
Not Used 



D [15 0] = 0x5678 



Word Operand Size 



0x1232 



15 



0x1234 



W DST = 0x1232 after execution 



EA[15 1] 



EA [0] 

T 

Not Used 



15 



OxAA I 0x55 



T 



J 



0x1234 



D [15 0] = 0x5678 



After 
Execution 



0x56 I 0x78 



FIGURE 4-15: REGISTER INDIRECT WITH POST INCREMENT, RESULT DESTINATION (MODE2, 
SUBMODE 3) 



4.1.2.5 Mode2, Register indirect with Pre 
Decrement 

Addressing M0DE2, submode 4 is register indirect 
with pre decrement. 



Register Wsrc or Wdst is decremented to form the 
effective address which points to the operand as 
shown in Figure 4-18 and Figure 4-19. 



Bvte Operand Size 



0x1235 




0x1234 



= 0x1235 after execution 



Select 
0x00- 



D [15.8] 


D[7.0] 








r 



Dp 5:0] = OxOOAA : Operand 



Word Operand Size 



15 



W 5! 



0x1232 



0x1234 




EAJ151] 




EA[ 



Not Used 



15 
OxAA 



0x55 

zr 



0x1232 



= 0x1232 after execution 



D 1 [15.0] = 0xAA55 Operand #1 



FIGURE 4-16: REGISTER INDIRECT WITH PRE DECREMENT, SOURCE OPERAND (MODE2, 
SUBMODE 4) 



Byte Operand Size 



0x1235 



15 

w src f~ 0x1236 



— 1. 



ir 0 




EA[15.1] 



w src ~ 0x1235 after execution 



EA[0] 



15 



OxAA | 0x55 



15 V V 0 



0x1234 



Select | Mux | 



D[7:0] 



D[15.0] = OxOOAA Operand 



Word Operand Size 




0x1236 



• 0x1236 after execution 



D[15.0] = 0xAA55 . Operand 



FIGURE 4-17: REGISTER INDIRECT WITH PRE DECREMENT, RESULT DESTINATION (MODE2, 
SUBMODE 4) 



I 4.1.2.6 Mode2, Register Indirect with Pre 
Increment 

| Addressing M0DE2, submode 5 is register indirect 
with pre increment. 



Register Wsrc or Wdst is incremented to form the 
effective address which points to the operand as 
shown in Figure 4-18 and Figure 4-19. 



Bvte Operand Size 



0x1234 



W, 




0x1234 



src 0x1235 



w src = 0x1236 after execution 



D[15:0] = OxOOAA : Operand 



Word Operand Size 




W SRC = 0x1236 after execution 



0x1234 



D, [15.0] = 0xAA55 ■ Operand #1 



FIGURE 4-18: REGISTER INDIRECT WITH PRE INCREMENT, SOURCE OPERAND (MODE2 
| SUBMODE 5) 



Byte Operand Size 



0x1235 



15 



w src I 0x1234 




w src = 0x1236 after execution 



EA[15 1] 



EA[0] 



15 



OxAA I 0x55 



0x1234 



15 t t 0 

Select j Mux | 



D[7:0] 



Df15.0] = OxOOAA . Operand 



Word Operand Size 



0x1236 



15 



EA[15.1] 



EA[0] 



W | 0x1234 \ - 
W DST = 0x1236 after execution 



Not Used 



15 



OxAA j 0x55 



0x1236 



D[15 0] = 0xAA55 . Operand 



FIGURE 4-19: REGISTER INDIRECT WITH PRE INCREMENT, RESULT DESTINATION (MODE2, 
| SUBMODE 5) 



4.1.3 MODE 3 

MODE3 is used by 'MOVE' and some of the DSP 
class instructions where addressing flexibility is impor- 
tant, it follows the same definition for each encoding 
as MODE1 except that it uses the Wb field as an 
address operand (instead of a data operand), in addi- 
tion, MODE3 also supports register with register offset 
addressing mode, sometimes referred to as register 
indexed. 

The 5-bit signed constant required by submode 6/7 is 
created by concatenating the Wb field with the LS-bit 
of the 3-bit MODE3 field. 



Note: For the MOV instruction, the MODE3 
addressing modes can differ for the source 
and destination EA. However, the 4-bit Wb 
field is shared between both source and des- 
tination (but typically only used by one). 

In summary, MODE3 supports the addressing mode 
shown in Table 4-4 



MODE3 
Bit Encoding 


Function 


Description 


000 


EA- Wn 


Register direct 


001 


EA = [Wn] 


Register indirect 


010 


EA - [Wdst]-= 1 


Register indirect post-decremented 


011 


EA = [Wdst]+= 1 


Register indirect post-incremented 


100 


EA = [Wdst-= 1] 


Register indirect pre-decrement 


101 


EA = [Wn + Wb] 


Register indirect with register offset 


110 


EA = [Wn + S5lit] 


Register indirect with signed 5-bit 
constant value offset (note 1) 


111 



TABLE 4-4:MODE 3 ADDRESSING MODE DEFINITION 



4.1 .3.1 Mode3, Register Direct 

Addressing M0DE3, submode 0 is register direct. The 
implied effective address is the memory mapped 
address of register Wsrc or Wdst. 



The operand is contained in Wsrc as shown in 
Figure 4-20, or the result is written to Wdst as shown 
in Figure 4-22. in both cases, Wsrc or Wdst is 
accessed through addressing its memory mapped 
image. 

Note: Rather than executmg a memory fetch, it 
may be preferable to perform two W-array 
fetches if bussing allows??? 



Byte Operand Size 



0 (LSB) - 



Select 



15 




0 


OxAA | 0x55 


y 




r 


| Mux 



Memory Mapped W SRC Address 



0x00- 



D[15 8] 



D[7 0) 



D[15:0J = 0x0055 



Word Operand Size 



15 


0 


OxAA 


0x55 




} 


D{15 0] = 


0xAA55 



Memory Mapped W SRC Address 



FIGURE 4-20: REGISTER DIRECT, OPERAND SOURCE (MODE3, SUBMODE 0) 



Bvte Operand Size 



Before 
Execution 



After 
Execution 



wnte_data_ lower = true 
wnte_data_upper = false 



15 




0 


OxAA | 


0x55 


4 * 

i 


L 



Memory Mapped W 0ST Address 



OxAA | 0x34 



0 (LSB) - 



- Select r Mux 



D[15 8] 

Not Used 



D[7.0] 



D[15 0] = 0x1234 



Word Operand Size 



Before 
Execution 



After 
Execution 



15 


0 


OxAA 


. 0x55 


V 


) 




{ 


D[15 0] = 


0x1234 



Memory Mapped W 0ST Address 



0x12 ! 0x34 



FIGURE 4-21 : REGISTER DIRECT, OPERAND SOURCE (MODE3, SUBMODE 0) 



4.1 .3.2 Mode3, Register Indirect 

Addressing MODE3, submode 1 is register indirect. 
The effective address contained in register Wsrc 
points to the operand as shown in Figure 4-22, or 
| Wdst points to the result destination as shown in 
Figure 4-26. 



Byte Operand Size 



15 0 

W SRC l 0x1235 I 



EA[15 1] 



EA[0] 



15 



OxAA i 0x55 



15V V 0 



0x1234 



Select | Mux 
0x00- 



D[7.0J 



D[15 8] 

D[15.0] = OxOOAA Operand 



Word Operand Size 



15 



src 0x1234 



EA [15 1] 



EA[0] 

T 

Not Used 



15 



0 



OxAA ! 0x55 



0x1234 



D[15 0] = 0xAA55 Operand 



FIGURE 4-22: REGISTER INDIRECT, SOURCE OPERAND (MODE3, SUBMODE 1) 



Bvte Operand Size 



Before 
Execution 



After 
Execution 



15 



W 0ST I 0x1235 



EA[15 11 



write_data_!ower = false 
wnte_data_upper = false 
if wnte_ cycle 

rf EA [0] = 0 
wnte_data_lower = true 

else 

wnte_data_upper = true 



EA(0] 



15 



OxAA j 0x5b 



0x1234 



"0x78 | Qx55~ 



- Select 



Mux 



D[15.8] 
Not Used 



ii D[7 0] 



D [15 01 = 0x5678 



Word Operand Size 



15 



W SRC ! 0x1234 



D[15.0] = 0x5678 



After 
Execution 



EA [15.1] 


15 0 




OxAA | 0x55 


0x1234 


I ) 

EA [01 






Not Used 







0x56 \ 0x78" 



FIGURE 4-23 



: REGISTER INDIRECT, RESULT DESTINATION (MODE3, SUBMODE 1) 



4.1 .3.3 Mode3, Register Indirect with 
Post Decrement 

Addressing MODE3, submode 2 is register indirect 
with post decrement. The effective address contained 
in register Wsrc points to the operand, or the effective 
address contained in register Wdst points to the result 
destination. 



Wsrc or Wdst is then post decremented as shown tn 
Figure 4-24 and Figure 4-28. 



Bvte Operand Size 



0x1234 



15 



src 0x1235 



EA[15.1] 



W SRC = 0x1234 after execution 



EAfO] 



15 



OxAAT 0x55 



15 f f 0 



0x1234 



■ Select [ 
0x00- 



D[7.0] 



D 1158] 

D[15:0] = OxOOAA Operand 



Word Operand Size 



0x1232 



15 



0x1234 




EA[15 1] 



w src = 0x1232 after execution 



jEA [0] 
Not Used 



15 



OxAA t 0x55 



0x1234 



D[15-0J = 0xAA55 . Operand 



FIGURE 4-24: REGISTER INDIRECT WITH POST DECREMENT, SOURCE OPERAND (MODE3, 
SUBMODE 2) 



Bvte Operand Size 



0x1234 



15 



W n , 



1*. 



0x1235 



= 0x1234 after execution 



wnte_data_lower = false 
wnte_data_ upper = false 
if wnte_cycie 

if EA 10] = 0 
wnte_data_ lower = true 

else 

wnte_data_ upper = true 



Before 
Execution 



EA[15 1] 



EA[0J 



15 



OxAA I 0x55 



0x1234 



- Select 



D[15 8] 
Not Used 



D [15 0] = 0x5678 



After 
Execution 



0x78 I 0x55 



Word Operand Size 



0x1232 



15 



0x1234 



= 0x1 232 after execution 



EA[15.1] 



EA[0] 

f 

Not Used 




0x1234 



After 
Execution 



0x56 I 0x78 



FIGURE 4-25: REGISTER INDIRECT WITH POST DECREMENT, RESULT DESTINATION (MODE3, 
SUBMODE 2) 



4.1 .3.4 Mode3, Register Indirect with 
Post Modification 

Addressing MODE3, submode 3 is register indirect 
with post-increment. The effective address contained 
in register Wsrc points to the operand or the effective 
address contained in register Wdst points to the result 
destination. 



Wsrc or Wdst are then incremented as shown in 
Figure 4-26and Figure 4-27. 
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'src | 0x1235 [ ■ 




EA{15 1] 



W SRC = 0x1236 after execution 



EA[0] 
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OxAA I 0x55 



15 f t 0 



■ Select [ 
0x00- 



Mux 
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DI7 0] 



D[15 8] 

D[15 0]'=0x00AA Operand 



Word Operand Size 



0x1236 



15 



+2 



W SRC | 0x1234 



EA[15 1] 



W SRC - 0x1236 after execution 



EA [0] 

T 

Not Used 



15 



OxAA | 0x55 



0x1234 



D[15 0] = 0xAA55 . Operand 



FIGURE 4-26: REGISTER INDIRECT WITH POST INCREMENT, SOURCE OPERAND (MODE3, 
| SUBMODE 3) 



Bvte Operand Size 
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Execution 



After 
Execution 
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5 0x1236 after execution 



wnte_data_ lower = false 
wnte_data_upper = false 
rf wnte_cycle 

tf EA [0] = 0 
writ e_data_ lower = true 

else 

wnte_data_ upper = true 



EA[0] 
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OxAA | 0x55~ 



4 



0x1234 



0x78 



0x55 
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Mux 



D [15 0) = 0x5678 



Word Operand Size 



0x1236 



15 



w dst| 0x1234 




W DST = 0x1236 after execution 



EA[15 1] 



EA[0] 
Not Used 



15 



OxAA I 0x55 



0x1234 



D [15 0] = 0x5678 



After 
Execution 



0x56 I 0x78 



FIGURE 4-27: REGISTER INDIRECT WITH POST INCREMENT, RESULT DESTINATION (MODE3, 
SUBMODE 3) 



14.1 .3.5 Mode3, Register Indirect with Pre 
Decrement 

Addressing MODE2, submode 4 is register indirect 
| with pre decrement. 



| Register Wsrc or Wdst is decremented to form the 
effective address which points to the operand as 
shown in Figure 4-28 and Figure 4-29.. 
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Word Operand Size 



0x1236 
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0x1238 




EA [15 1} 



EA[0] 



Not Used 



* 0x1236 after execution 
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OxAA j 0x55 
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| FIGURE 4-28: REGISTER INDIRECT WITH PRE DECREMENT, SOURCE OPERAND (MODE3, 
SUBMODE 4) 



Bvte Operand Size 



Before 
Execution 



After 
Execution 
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= 0x1236 after execution 



wnte_data_lower = false 
wnte_data_upper = false 
if wnte_cycle 

if EA [0] = 0 
write_data Jower = true 

else 

wnte_data_ upper = true 



EA[0] 



15 0 
OxAA I 0x55 



0x1234 
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Mux 



D 115.8) 
Not Used 
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= 0x5678 



0x78 
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Word Operand Size 



After 
Execution 



15 0 




D [15 0] = 0x5678 

W DS t = 0x1236 after execution 



FIGURE 4-29: REGISTER INDIRECT WITH PRE DECREMENT, RESULT DESTINATION (MODE3, 
SUBMODE 4) 



4.1 .3.6 Mode3 f Register Indirect with 
Register Offset 

Addressing M0DE3, submode 5 is register indirect 
with register offset. For an operand read, the effective 
address of the operand is formed by adding the con- 
tents of Wsrc and Wb as shown in Figure 4-30. For a 
result destination write, the effective address of the 



operand is formed by adding the contents of Wdst and 
Wb as shown in Figure 4-31. Wb, Wsc or Wdst are not 
modified by these operations unless bit reversed 
addressing is enable, in which case Wsc and/or Wdst 
are updated with the new EA (see Section 4.5). This is 
the only addressing mode which operates in a mean- 
ingful way with bit reversed addressing. 



Bvte Operand Size 
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= OxOOAA 
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Note: W B is not scaled for word sized operands 



FIGURE 4-30: REGISTER INDIRECT WITH REGISTER OFFSET, OPERAND SOURCE (MODE3, 
SUBMODE 5) 
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Execution 



0x56 | 0x78~ 



Note. W B is not scaled for word sized operands 



FIGURE 4-31 : REGISTER INDIRECT WITH REGISTER OFFSET, RESULT DESTINATION (MODE3, 
SUBMODE 5) 



4.1 .3.7 Mode3, Register Indirect with 
Constant Offset 

Addressing MODE3, submode 6 17 is register indirect 
with constant offset. For an operand read, the effective 
address of the operand is formed by adding the con- 
tents of Wsrc and a 5-bit signed literal, as shown in 
Figure 4-32. For a result destination write, the effective 
address of the operand is formed by adding the con- 



Bvte Operand Size 



tents of Wdst and a 5-bit signed literal as shown in 
| Figure 4-33. Wsc or Wdst are not modified by these 
operations. 

The 4-bit Wb field forms the 4 LS-bits of the signed 
constant. It is concatenated with the LS-bit of the three 
| bit MODE1 field to form a 5-bit signed constant value 

If the 5-bit signed literal equals 0, this addressing 
mode is interpreted as register indirect with a pre-dec- 
rement. 
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D {7.0] 
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W SRC 0x1234 
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15 



OxAA I 0x55 



0x1232 



D[15.0] = 0xAA55 



FIGURE 4-32: REGISTER INDIRECT WITH CONSTANT OFFSET (!=0), SOURCE OPERAND 
(MODE3, SUBMODE 6/7) 
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Execution 
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FIGURE 4-33: REGISTER INDIRECT WITH CONSTANT OFFSET (!=0), RESULT DESTINATION 
(MODE3, SUBMODE 6/7) 
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W SRC = 0x1232 after execution 



D [15.0] = 0xAA55 



FIGURE 4-34: REGISTER INDIRECT WITH PRE DECREMENT, SOURCE OPERAND (MODE3, 
SUBMODE 6 WITH LITERAL OFFSET = 0) 



R Y te Operand Size 



Before 
Execution 
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Execution 
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wnte_data_upper = false 
if wnte_cycle 

if EA [0] = 0 
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else 
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- Select | 
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Mux 
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W DST = 0x1232 after execution 
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;• REGISTER INDIRECT WITH PRE DECREMENT, RESULT DESTINATION (MODE3, 
SUBMODE 6 WITH LITERAL OFFSET = 0) 



4.1.4 MODE 4 

The dual source operand DSP instructs (MAC, 
CLRAC, MPYAC & MOVAC) utilize a simplified set of 
addressing modes (MODE4) to allow the user to effec- 
tively manipulate the data pointers through register 
indirect tables. 

Wsrc must be a member of the set {W4, W5, W6, W7}. 
For data reads, W4 and W5 will always be directed to 
the X AGU and W6 and W7 will always be directed to 
the Y AGU. The effective addresses generated (before 



and after modification) must therefore be valid 
addresses within X data space for W4 and W5, and Y 
data space for W6 and W7. 

Note: Register indirect with register offset address- 
ing is only available for W5 (in X space) and 
W7 (in Y space). 

In summary, MODE3 supports the addressing modes 
shown in Table 4-5 for X data space and those shown 
in Table 4-6 for Y data space. 



MODE4 
Bit Encoding 


Function 


Description 


0000 


LA = [W 4 j 


Register indirect 


0001 


EA = [W 4 ]+=2 


Register indirect post-mc by 2 


0010 


EA = [W 4 ]+=4 


Register indirect post-inc by 4 


0011 


EA = [W 4 ]+=6 


Register indirect post-inc by 6 


0100 


None 


Disable data pre-fetch 


0101 


EA = [W 4 ]-=6 


Register indirect post-dec by 6 


0110 


EA = [W 4 ]-=4 


Register indirect post-dec by 4 


0111 


EA = [W 4 ]-=2 


Register indirect post-dec by 2 


1000 


EA = [W 5 ] 


Register indirect 


1001 


EA = [W 5 ]+=2 


Register indirect post-inc by 2 


1010 


EA = [W 5 ]+=4 


Register indirect post-inc by 4 


1011 


EA = [W 5 ]+=6 


Register indirect post-inc by 6 


1100 


EA = [W 5 +W 8 ] 


Register indirect with register offset (indexed) 


1101 


EA = [W 5 ]-=6 


Register indirect post-dec by 6 


1110 


EA = [W 5 ]-=4 


Register indirect post-dec by 4 


1111 


EA = [W 5 ]-=2 


Register indirect post-dec by 2 



Note 1 . MODE4 instructions are word sized only, so post-modification values are already scaled appropriately 
2 Addressing mode defined by read address space 



TABLE 4-5:MODE 4 ADDRESSING MODE DEFINITION FOR X DATA SPACE 



M0DE4 
Bit Encoding 


Function 


Description 


0001) 


EA = [W 6 j 


Register indirect 


0001 


EA = [W 6 ]+=2 


Register indirect post-inc by 2 


0010 


EA = [Wg]+=4 


Register indirect post-inc by 4 


0011 


EA = [W 6 ]+=6 


Register indirect post-inc by 6 


0100 


None 


Disable data pre-fetch 


0101 


EA = [W 6 ]-=6 


Register indirect post-dec by 6 


0110 


EA = [W 6 ]-=4 


Register indirect post-dec by 4 


0111 


EA = [W 6 ]-=2 


Register indirect post-dec by 2 


1000 


EA = [W 7 ] 


Register indirect 


1001 


EA = [W 7 ]+=2 


Register indirect post-inc by 2 


1010 


EA = [W 7 ]+=4 


Register indirect post-inc by 4 


1011 


EA = [W 7 ]+=6 


Register indirect post-inc by 6 


1100 


EA = [W 7 +W 8 ] 


Register indirect with register offset 


1101 


EA = [W 7 ]-=6 


Register indirect post-dec by 6 


1110 


EA - [W 7 ]-=4 


Register indirect post-dec by 4 


1111 


EA = [W 7 ]-=2 


Register indirect post-dec by 2 



Note 1 : MODE4 instructions are word sized only, so post-modification values are already scaled appropriately 
2 Addressing mode defined by read address space 



TABLE 4-6: 



MODE 4 ADDRESSING MODE DEFINITION FOR Y DATA SPACE 



4.1 .4.1 Mode4, Register Indirect 

Addressing M0DE4, submodes 0 & 8 are register indi- 
rect. The effective address contained in register Wsrc 
points to the operand as shown in Figure 4-36. Only 
word sized operands are allowed. 



15 



0x1234 



n EA(151]_ 


15 


0 


OxAA 


0x55 


EA[0] 






Not Used 







0x1234 



D[15.0] = 0xAA55 Operand 



FIGURE 4-36: REGISTER INDIRECT (MODE4, SUBMODE 0 AND 8) 



4.1 .4.2 Mode4, Register Indirect with 
Post Increment 

| Addressing MODE4, submodes 1, 2, 3, 9, 10 & 11 are 
register indirect with post increment. The effective 
address contained in register Wsrc points to the oper- 
and. 



| Wsrc is then post incremented by 2, 4 or 6 as shown in 
Figure 4-37. 

Note: Misaligned word fetches are possible if Wsrc 
contains an odd value. Should this occur, an 
address error trap will be generated. 



Word Operand Size 



0x1236 



15 



W S1 
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Wsrc = 0x1236 after execution 
Example shown is post inc by 2 



EA[0] 

T 

Not Used 



15 



OxAA I 0x55 



0x1234 



D[1 5 0] = 0xAA55. Operand 



FIGURE 4-37: REGISTER INDIRECT WITH POST INCREMENT (MODE4, SUBMODES 1, 2, 3, 9, 10 & 
11) 



4.1.4.3 



Mode4, Pre-fetch Inhibit 



Addressing mode MODE4, submode 4 will inhibit a 
data fetch from X or Y address space. No target regis- 
ters are modified (the target register selection is a 
| don't care). 



I 4.1 .4.4 Mode4, Register Indirect with 
Register Offset 

| Addressing MODE4, submodes 12 is register indirect 
with register offset. The effective address of the oper- 

Iand is formed by adding the contents of Wsrc (W5 or 
W7) and W8 as shown in Figure 4-30. The offset regis- 
ter is fixed as W8. Neither Wsrc or W8 are not modi- 
fied by these operations. 



Note: This addressing mode operates in an identi- 
cal manner to that of Mode3 register indirect 
with register offset, in which the offset regis- 
ter (W8 in this case) is not automatically 
scaled for word accesses. Consequently, 
misaligned word fetches are possible if W8 
contains an odd value. Should this occur, an 
address error trap will be generated. 
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EA[15.1] 



EA[0] 



EA = 0x3456 

T 

Not Used 

Note: W B is not scaled for word sized operands 



15 



OxAA [ 0x55" 



0x3456 



D[15.0] = OxAA55 



FIGURE 4-38: REGISTER INDIRECT WITH REGISTER OFFSET, OPERAND SOURCE (MODE4, 
SUBMODE 12) 



4.1 .4.5 Mode4, Register Indirect with 
Post Decrement 

Addressing MODE4, submodes 5, 6, 7, 13, 14 & 15 
are register indirect with post decrement. The effective 
address contained in register Wsrc points to the oper- 
and. 



Wsrc is then post decremented by 2, 4 or 6 as shown 
in Figure 4-39. 

Note: Misaligned word fetches are possible if Wsrc 
contains an odd value. Should this occur, an 
address error trap will be generated. 



Word Operand Size 



0x1232 



15 



0x1234 



w src = 0x1 232 after execution 



Example shown is post dec by 2 




15 



OxAA I 0x55 



0x1234 



D[15.0] = 0xAA55 . Operand 



FIGURE 4-39: REGISTER INDIRECT WITH POST DECREMENT (MODE4, SUBMODES 5, 6, 7, 13, 14 
&15) 



4.2 X AGU 



| See Section 4.4.1 for more details and examples. 



The X AGU supports all addressing modes including 
modulo addressing and bit reversed addressing. A 
block diagram is shown in Figure 4-40. The basic ele- 
ments are now described. 

4.2.1 Effective Address Adder 

The effective address (EA) adder generates the effec- 
tive addresses for all instruction using X data space 
prior to modification by modulo addressing. It supports 
all addressing modes including bit reversed address- 
ing. The adder accepts the source or destination W 
register on the A input and either of the foiiowing on B 
input based upon which addressing mode is required. 

1 . Offset (Wb) register contents 

2. Signed 5-bit literal, Siit5 

3. Constant value of: 

| 0, +1,+2, +4, +6, -1,-2, -4 or -6 

The value range for Slit5 is -16 <= Slit5 <= +15. 

4.2.2 Modulo and Bit Reversed Addressing 
Controller 

The Modulo and Bit Reversed Addressing Controller 
block enables or disables these addressing modes, 
| and provides the appropriate control signals to the rest 
of the AGU If modulo and bit reversed addressing are 
disabled, the EA adder result passes unmodified to the 
AGU output. See Section 4.5 for more details. 

I 4.2.3 Modulo Addressing Comparator/ 
Subtractor 

Modulo addressing relies on automatic correction of 
any generated EA such that it is forced back into the 
selected circular buffer address range. 

For an incrementing buffer, the offset sign is positive. 
The end address is therefore routed to the subtractor, 
and subtracted from the new EA. If the result is nega- 
tive, the address is within the buffer boundaries and 
will propagate unchanged. If the result is positive 
(including zero), indicating the EA has passed the end 
address, it is logically ORed with the start address. 
This is equivalent to adding it to the start address to 
create the wrap address for a start address on a 'zero' 
power of two boundary. 

For a decrementing buffer, the offset sign is negative. 
The start address is therefore routed to the subtractor, 
and subtracted from the new EA. If the result is posi- 
tive, the address is within the buffer boundaries and 
will propagate unchanged. If the result is negative, 
indicating the EA has passed the start address, it is 
logically ANDed with the start address. This is equiva- 
lent to adding it (a negative value) to the start address 
to create the wrap address for an end address on a 
'ones' address boundary. 
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— ►WREG 
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| Note 1: Register check may be performed during Q4 of prior cycle 



FIGURE 4-40: X AGU BLOCK DIAGRAM 



4.3 YAGU 



As the Y AGU is only used by the MAC class of DSP 
instructions, its function is restricted to supporting 
post-modified register indirect (using a constant modi- 
fier) and modulo addressing. A block diagram is 
shown in Figure 4-41. The basic elements are now 
described. 

4.3.1 Effective Address Adder 

The effective address (EA) Adder generates the effec- 
tive addresses for ail instruction using Y data space 

I prior to modification by modulo addressing, it supports 
post-modified register indirect (using a constant modi- 
fier). It does not support bit reversed addressing. The 

I adder accepts the source or destination W register on 
the A input and a constant (0, +2, +4, +6, -2, -4 or -6) 
on B input, depending upon the post modified constant 
declared in the instruction. 

4.3.2 Modulo Addressing Controller 

The Modulo Addressing Controller block enables or 

I disables modulo addressing, and provides the appro- 
priate control signals to the rest of the AGU. If modulo 
addressing is disabled, the EA adder result passes 
unmodified to the AGU output. See Section 4.5 for 
more details. 

4.3.3 Modulo Addressing Comparator/ 
Subtractor 

Modulo addressing relies on automatic correction of 
any generated EA such that it is forced back into the 
selected circular buffer address range. 

For an incrementing buffer, the offset sign is positive. 
The end address is therefore routed to the subtractor, 
and subtracted from the new EA. If the result is nega- 
tive, the address is within the buffer boundaries and 
will propagate unchanged. If the result is positive 
(including zero), indicating the EA has passed the end 
address, it is logically ORed with the start address. 
This is equivalent to adding it to the start address to 
create the wrap address for a start address on a 'zero 1 
power of two boundary. 

For a decrementing buffer, the offset sign is negative. 
The start address is therefore routed to the subtractor, 
and subtracted from the new EA. If the result is posi- 
tive, the address is within the buffer boundaries and 
will propagate unchanged. If the result is negative, 
indicating the EA has passed the start address, it is 
logically ANDed with the start address. This is equiva- 
lent to adding it (a negative value) to the start address 
to create the wrap address for an end address on a 
'ones' address boundary. 

See Section 4.4.1 for more details and examples. 
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FIGURE 4-41: Y AGU BLOCK DIAGRAM 



4.4 Modulo Addressing 

Modulo addressing is a method of providing an auto- 
mated means to support circular data buffers using 
hardware. The objective is to remove the need for soft- 
ware to perform data address boundary checks when 
executing tightly looped code as is typical in many 
DSP algorithms. 

dsPIC modulo addressing can operate in either data or 
| program space (since the data pointer mechanism is 
essentially the same for both). One circular buffer can 
be supported in each of the X (which also provides the 
pointers into Program space) and Y data spaces. Mod- 
ulo addressing can operate on any W register pointer. 

In order to minimize the hardware size for modulo 
addressing support, certain usage restrictions are 
imposed which are discussed in detail Section 4.4.1 
and Section 4.4.6. In summary, any one circular buffer 
can only be allowed to operate in one direction as the 
buffer start address (for incrementing buffers) or end 
address (for decrementing buffers) is restricted based 
upon the direction of the buffer. The direction is deter- 
mined from the address offset sign. 

4.4.1 Start and End Address 

The modulo addressing scheme requires that either a 
starting or an end address be specified and loaded 
into the 16-bit modulo buffer address registers, 
XMODSRT, XMODEND, YMODSRT, YMODEND. 

The data buffer start address is arbitrary but must be 
at a 'zero', power of two boundary for incrementing 
address buffers. It can be any address for decrement- 
ing address buffers. For example, if the buffer size 
(modulus value) is chosen to be 100 bytes (0x64), 
then the buffer start address for an incrementing buffer 
must contain 7 least significant zeros. Valid start 
addresses may therefore be OxXXOO and OxXX80 
where 'x* is any hexadecimal value. Adding the buffer 
length to this value will give the end address to be writ- 
ten into X/YMODEND. For example, if the start 
address was chosen to be 0x2000, then the X/YMO- 
DEND would be set to (0x2000 + 0x0064) = 0x2064. 
Note that the last physical address of the buffer will be 
at end address -1 because the buffer range is 0 to 
0x63. 

Note: 'Starting address' refers to the smallest 
address boundary of the circular buffer The 
initial entry address (first access of the 
buffer) may point to any address within the 
modulus range (see Section 4.4.6). 

The data buffer end address is arbitrary but must be at 
a 'ones' boundary for decrementing buffers. It can be 
at any address for an incrementing buffer. For exam- 
ple, if the buffer size (modulus value) is chosen to be 
100 bytes (0x64), then the buffer end address for an 
incrementing buffer must contain 7 least significant 
ones. Valid end addresses may therefore be OxXXFF 



and 0xXX7F where 'X' is any hexadecimal value. Sub- 
tracting the buffer length from this value the adding 1 
will give the start address to be written into X/YMOD- 
SRT For example, if the end address was chosen to 
be 0x207F, then the start address would be (0x207F - 
0x0064+1) = 0x201C, which is the first physical 
address of the buffer. 

In an incrementing buffer, the modulo addressing 
hardware performs the address correction by subtract- 
ing the buffer end address from the EA and, if the 
result is positive, adding it to the start address. As the 
start address is on a 'zero', power of two boundary, the 
addition may be performed by a logical OR operation. 

In an decrementing buffer, the modulo addressing 
hardware performs the address correction by subtract- 
ing the buffer start address from the EA and, if the 
result is negative, adding it to the end address. As the 
end address is on a 'ones' boundary, the addition may 
be performed by a logical AND operation. 

Note: All modulo addressing EA calculations 
assume word size data (LS-bit of every EA is 
always clear). The XM value is scaled 
accordingly to generate compatible (byte) 
addresses, leaving the LS-bit of all EAs clear. 

4.4.2 Buffer Length 

The data buffer length can be any value up to 64K 
words.The buffer length is not used in this scheme to 
correct buffer addresses or determine modulo range. 

4.4.3 W Address Register Selection 

The modulo and bit reversed addressing control regis- 
ter MODCON<15:0> contains enable flags plus W reg- 
ister field to specify the W address registers. The 
XWM and YWM fields selects which registers will 
operate with modulo addressing. If XWM = 15, AGU X 
modulo addressing is disabled. Similarly, if YWM = 15, 
AGU Y modulo addressing is disabled. 

Modulo addressing and bit reversed addressing 
should not be enabled together. In the event that the 
user attempts to do this, bit reversed addressing will 
assume priority when active and X modulo addressing 
will be disabled. 

The X address space pointer W register (XWM) to 
which modulo addressing is to be applied, is stored in 
MODCON<3:0> (see Register 4-1). Modulo address- 
ing is enabled for X data space when XWM is set to 
any value other than 15 and the XMODEN bit is set at 
MODCON[15]. 

The Y address space pointer W register (YWM) to 
which modulo addressing is to be applied, is stored in 
MODCON<7:4> (see Register 4-2). Modulo address- 
ing is enabled for Y data space when YWM is set to 
any value other than 15 and the YMODEN bit is set at 
MODCON[14], 



4.4.4 Modulo Addressing Applicability 

Modulo addressing can be applied to the effective 
address (EA) calculation associated with any W regis- 
ter. It is important to realize that the address bound- 
aries checks look for addresses less than or greater 
than the upper (for incrementing buffers) and lower 



| (for decrementing buffers) boundary addresses (not 
just equal to). Address changes may therefore jump 
over boundaries and still be adjusted correctly (see 
Section 4.4.6 for restrictions) . 

4.4.5 Modulo Addressing Operation 



lnc = 0x0100 



0x1201 



0x1 2CF 



0x12FF 




- InitialEA = 0x1330 
0x1330 - 0x1 2D0 = +0x0060 
Final EA = 0x1200 - 0x0060 
= 0x1260 



FIGURE 4-42: INCREMENTING BUFFER MODULO ADDRESSING OPERATION EXAMPLE 



0x1201 



0x1 2CF 



0x12FF 




Address Pointer before Operation = 0x12Efl 



Dec = OxOOOE 



Dec = 0x0020 



Initial £A = 0x12D2 
0x1 2D2 - 0x1 2D0 = +0x0002 
So, final EA = 0x12D2 



^ Initial EA = 0x12C0 

0x12C0 - Ox12D0 = -0x0010 = OxFFFO 
So, final EA = 0x1 2F0 



Start Addr = 0x1 2D0 
EndAddr =0x12FF 
Length = 0x0020 



| FIGURE 4-43: DECREMENTING BUFFER MODULO ADDRESSING OPERATION EXAMPLE 



REGISTER 4-1 : MODCON, MODULO & BIT REVERSED ADDRESSING CONTROL REGISTER 
(OXXXXX) 



Upper Half: 

R/W-0 R/W-0 


U 


U 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


XMODEN 


YMODEN 






BWM3 


BWM2 


BWM1 


BWMO 


bit 15 














bit 8 



Lower Half: 














R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


YWM3 


YWM2 


YWM1 


YWMO 


XWM3 


XWM2 


XWM1 


XWMO 


bit 7 














bitO 



bit 15 XMODEN: X AGU Modulus Addressing Enable 
l = X AGU Modulus Addressing enabled 

0 = X AGU Modulus Addressing disabled 

bit 14 YMODEN: Y AGU Modulus Addressing Enable 

1 = Y AGU Modulus Addressing enabled 
o = Y AGU Modulus Addressing disabled 

bit 13 Unused 

bit 12 Unused 

bit 11-8 BWM: X AGU Register Select for Bit Reversed Addressing 
oooo = WO selected for bit reversed addressing 

i i 

mo = W1 4 selected for bit reversed addressing 

mi = W15 bit reversed addressing disabled 

bit 7-4 YWM: Y AGU W Register Select for Modulo Addressing 
oooo = W0 selected for modulo addressing 
I I 

mo = W14 selected for modulo addressing 

mi = W15 modulo addressing disabled 

bit 3-0 XWM: X AGU W Register Select for Modulo Addressing 
oooo = W0 selected for modulo addressing 
I I 

1110 = W14 selected for modulo addressing 
mi = W15 modulo addressing disabled 



Legend 






R = Readable bit 


W = Writable bit 


U = Unimplemented bit, read as 4 0' 


-n = Value at POR 


1 = bit is set 


0 = bit is cleared x = bit is unknown 



I REGISTER 4-2: XMODSRT, X AGU MODULO ADDRESSING START REGISTER (XX XXh) 



Upper Half: 

R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


XS15 


XS14 


XS13 


XS12 


XS11 


XS10 


XS9 


XS8 


bit 15 
















bit 8 



Lower Half: 














R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


XS7 


XS6 


XS5 


XS4 


XS3 


XS2 


XS1 


xso 


bit 7 














bitO 



| bit 1 5-0 XS: X AGU Modulo Addressing Start Address 



Legend 






R = Readable bit 


W = Writable bit 


U = Unimplemented bit, read as '0' 


-n = Value at POR 


1 = bit is set 


0 = bit is cleared x = bit is unknown 



| REGISTER 4-3: XMODEND, X AGU MODULO ADDRESSING END REGISTER (XXXX h) 



I Upper Half: 

R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


I XE15 


XE14 


XE13 


XE12 


XE11 


XE10 


XE9 


XE8 


[bit 15 
















bit 8 



Lower Half: 














R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


XE7 


XE6 


XE5 


XE4 


XE3 


XE2 


XE1 


XEO 


bit 7 














bitO 



| bit 1 5-0 XE: X AGU Modulo Addressing End Address 



Legend 








R = Readable bit 


W = Writable bit 


U 


= Unimplemented bit, read as '0 f 


-n = Value at POR 


1 = bit is set 


0 


= bit is cleared x = bit is unknown 



I 



I 



REGISTER 4-4: YMODSRT, Y AGU MODULO ADDRESSING START REGISTER (XXXXh) 



Upper Half: 

R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


YS15 




YS14 


YS13 


YS12 


YS11 


YS10 


YS9 


YS8 


bit 15 
















bit 8 



Lower Half: 














R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


YS7 


YS6 


YS5 


YS4 


YS3 


YS2 


YS1 


YSO 


bit 7 














bitO 



| bit 15-0 YS: Y AGU Modulo Addressing Start Address 



Legend 






R = Readable bit 


W = Writable bit 


U = Unimplemented bit, read as '0' 


-n = Value at POR 


1 = bit is set 


0 = bit is cleared x = bit is unknown 



| REGISTER 4-5: YMODEND, Y AGU MODULO ADDRESSING END REGISTER (XXXX h) 



Upper Half: 

R/W-0 R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


YE15 


YE14 


YE13 


YE12 


YE11 


YE10 


YE9 


YE8 


bit 15 


bit 8 



Lower Half: 

R/W-0 R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


YE7 


YE6 


YES 


YE4 


YE3 


YE2 


YE1 


YEO 


bit 7 














bitO 



| bit 15-0 YE: X AGU Modulo Addressing End Address 



Legend 






R = Readable bit 


W = Writable bit 


U = Unimplemented bit, read as '0' 


-n = Value at POR 


1 = bit is set 


0 = bit is cleared x = bit is unknown 



4.4.6 Modulo Addressing Restrictions 

As stated in Section 4.4.1, for an incrementing buffer 
the circular buffer start address (lower boundary) is 
arbitrary but must be at a 'zero', power of two bound- 
ary. For a decrementing buffer, the circular buffer end 
address is arbitrary but must be at a 'ones' boundary. 

With this scheme, there are no restriction regarding 
how much an EA calculation can exceeds the address 
boundary being checked, and still be successfully cor- 
rected. 

Once configured, the direction of successive 
addresses into a buffer cannot be changed. Although 
all EA's will continue to be generated correctly irre- 
spective of offset sign, only one address boundary is 
checked for each type of buffer. Accessing an incre- 
menting buffer with a decrementing address could 
result in the address decrementing through the start 
address. If this occurs, an out of range address will be 
detected but the address wrap operation will fail 
unless the end address is on a 'ones' address bound- 
ary (because the addition is simplified to an OR opera- 
tion). For example, if the start address = 0x2000, end 
addresses that will support a bi-directional buffer 
include 0x200F, 0x203F or any modulo 2 length buffer. 

As similar augment applies to accessing a decrement- 
ing buffer with an incrementing address. 

4.4.7 Modulo Addressing Timing 

Modulo addressing can operate on both source and 
destination operands (i.e. for data reads and writes). 
Consequently, it must meet timing for the standard 
instruction cycle timing shown in Figure 1-14. ideally, 
all AGU adder results should be stable by the end of 
Q1 (for reads and stack writes) or Q3 (for writes or 
stack reads). Effective address selection should occur 
on rising Q2 or Q4. The W address register update 
(when required) should occur during Q2. 

Alternatively, each AGU could be built as an asynchro- 
nous block allowing the address calculation and selec- 
tion to ripple through. However, it is highly likely that 
this will result in many spurious address transitions 
which could effect power consumption if allowed to 
propagate too far. 



4.5 Bit Reversed Addressing 

Bit reversed addressing is intended to simplify data re- 
ordering for radix-2 FFT algorithms. It is supported by 
theXAGU only. 

The carry propagation direction for a bit reversed EA 
calculation is changed to most significant bit to least 
significant bit. The modifier (a constant value or regis- 
ter contents) must also be regarded as having its bit 
order reversed. 

For example, for a 16 entry buffer (words & byte data 
size implications are discussed later), the address 
pointer and result are bit re-ordered as shown in 
Figure 4-44. 



Address Pointer 



Modifier 



AO 


A1 


A2 


A3 




A3 


A2 


A1 


AO 



0 


0 


0 


1 








RO 


R1 


R2 


RO 




R3 


R2 


R1 


RO 



Bit Reversed EA 



as shown in Figure 4-45. The net result is the same 
but the only operand requiring reversal is the modifier. 
As this is a constant, the reversed value does not need 
to be created for each calculation. 



Address Pointer 1 



Modifier 



A3 


A2 


A1 


AO 




0 


0 


0 


1 




1 


0 


0 


0 



Carry Reverse 



1 


r 


R3 


R2 


R1 


RO 


1 


r 



Bit Reversed EA 

NOTE 1: Addr pointer contents assumed reversed 
NOTE 2: Reversed modifiers are created and stored 
as constants 



FIGURE 4-45: ALTERNATIVE BIT 
REVERSED EA 
CALCULATION METHOD 

Table 4-7 shows the result of traversing the entire 
buffer, starting at address 0. Other modifier values will 
produce a bit-reversed address sequence, but only 
this one is reported to be of any real use. 



FIGURE 4-44: 



BIT REVERSED EA 
CALCULATION 



This example shows a pointer being incremented by 
one by an adder with a conventional carry direction. 
The modifier is presented in normal bit order (Is-bit to 
the right). The address pointer is a bit reversed EA and 
is presented in reversed bit order (LS-bit to the left). 
The address and result must be flipped around a pivot 
point in the middle of the address length in order for 
this to work with a conventional adder. The problem 
arises when the buffer length is a variable which 
makes the bit swap operation unreasonably complex 
(the pivot point varies). An alternative is to keep the 
address source and destination in reversed order and 
use a bit reversed modifier with a reversed carry adder 



Bit Reversed 




Address 




AO 


A1 


A2 


A3 


0 


0 


0 


0 


1 


0 


0 


0 


0 


1 


0 


0 


1 


1 


o 


0 


0 


0 


1 


o 


1 


0 


1 


o 


0 


1 


1 


0 


1 


1 


1 


0 


0 


0 


0 




1 


0 


0 




0 


1 


0 




1 


1 


0 




0 


0 


1 




1 


0 


1 




0 


1 


1 




1 


1 


1 





TABLE 4-7: BIT REVERSED ADDRESS 
SEQUENCE (16-ENTRY) 



4.5.1 Bit Reversed Addressing 
Implementation 

Bit reversed addressing is only supported by the X 
AGU. The address adder carry reverse signal (see 
Figure 4-40) is asserted when: 

1. XWB (W register selection) in the XMOD regis- 
ter is any value other than 15 (it is assumed that 
nobody will ever want to bit reverse address the 
stack) and 

2. the BREN bit is set in the XBREV register and 

3. the addressing mode is register in direct with 
post-increment 

XB<14:0> is the bit reversed address modifier which is 
typically a constant, indirectly representing the size of 
the FFT data buffer. The XB values required to provide 
the correct bit reversal 'pivot* points for various size 
buffers are shown in Table 4-8. 

Note: All bit reversed EA calculations assume word 
size data (LS-bit of every EA is always clear). 
The XB value is scaled accordingly to gener- 
ate compatible (byte) addresses 



Buffer Size 


12-bit Bit Reversed 


XB Scaled for Word Sized 


(words) 


Address Modifier (XB)_ 


Data 


32768 


0x4000 


0x8000 


16384 


0x2000 


0x4000 


8192 


0x1000 


0x2000 


4096 


0x0800 


0x1000 


2048 


0x0400 


0x0800 


1024 


0x0200 


0x0400 


512 


0x0100 


0x0200 


256 


0x0080 


0x0100 


128 


0x0040 


0x0080 


64 


0x0020 


0x0040 


32 


0x0010 


0x0020 


16 


0x0008 


0x0010 


8 


0x0004 


0x0008 


4 


0x0002 


0x0004 


2 


0x0001 


0x0002 



TABLE 4-8: 



ADDRESS MODIFIER VALUES 



As can be seen from Figure 4-45, requiring that both 
the address modifier (constant) and the address in the 
W pointer are always in bit reversed format simplifies 
the hardware. Adding two bit reversed values though 
the adder with carry reversed enabled, will produce 
the correct bit reversed result. 

When enabled, bit reversed addressing will only be 
executed with register indirect with post increment 
addressing and word sized data. It will not function for 



all other addressing modes or byte sized data (normal 
addresses will be generated). When bit reversed 
addressing is active, the W address pointer will always 
be added to the address modifier (XB) and the offset 
associated with the register indirect addressing mode 
will be ignored. In addition, as word sized data is a 
requirement, the LS-bit of the EA is ignored (and 
always clear). An example word swap using bit 
reversed addressing is: 



MOV WO, [W8]+ 



MOV [W9], WO 
MOV [W8], [W9]+ 



Word Operand Size 



15 



W SRC (= XWB) r OxOCOO 



Carry Reveral Enabled — 
1514 0 



0x0800 



XB«1 
XB = 0x0400 




EA = 0x0200 



EA[151] 



EA[0] 



Not Used 



15 



OxAA I 0x55 



0x0200 



D[15.0] = 0xAA55 



FIGURE 4-46: BIT REVERSED ADDRESSING, SOURCE OPERAND 



Word Operand Size 



Before 
Execution 



After 
Execution 



15 



W SRC {=XWB) OxOCOO 



Carry Reveral Enabled - 
1514 0 



EA = 0x0200 



EA[15 1] 



0x0800 



XB«1 
XB = 0x0400 



EA [0] 



Not Used 



15 



OxAA S 0x55 



0x0200 



0x56 | 



0x78 



D [15 0] = 0x5678 



FIGURE 4-47: BIT REVERSED ADDRESSING, DESTINATION OPERAND 



REGISTER 4-6: XBREV, X AGU BIT REVERSAL ADDRESSING CONTROL REGISTER (XXXXh) 



Upper Half: 
















R/W-0 




R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


BREN 


XB14 


XB13 


XB12 


XB11 


XB10 


XB9 


XB8 


bit 15 


bit 8 



Lower Half: 












R/W-0 


R/W-0 


R/W-0 


R/W-0 R/W-0 


R/W-0 


R/W-0 


R/W-0 


XB7 


XB6 


XB5 


XB4 XB3 


XB2 


XB1 


XBO 


bit 7 












bitO 



bit 15 BREN: Bit Reversed Addressing (X AGU) Enable 

l = Bit Reversed Addressing enabled 

o = Bit Reversed Addressing disabled 
bit 14-0 XB<14:0>: X AGU bit reversed Modifier 

e g. XB<14:0> = 0x0080; modifier for a 128 point radix-2 FFT 



Legend 

R = Readable bit 
-n = Value at POR 



W = Writable bit 
1 = bit is set 



U = Unimplemented bit, read as '0' 

0 = bit is cleared x = bit is unknown 



4.6 Data Addressing in Program 
Space 

Many applications require significant amounts of fixed 
data (e.g. MELP) which can only be held in non-vola- 
tile memory. This data can also exceed the 32K word 
| limit of data space memory. Consequently, this data 
will have to reside in on-chip program FLASH, ROM or 
in externa! program space. In order to accommodate 
this requirement, two addressing options are provided. 

1 . The table instructions allows direct movement of 
word and byte data respectively between pro- 
gram and data space without passing through 
an intermediate register. 

2. The upper part of data space may be configured 
to map into a 16K word segment of program 
space. 

The operation of these addressing options is dis- 
cussed in Section 1.2 and Section 1.3. The following 
sections revisit the table instructions, in particular- the 
addressing modes supported. 

4.6.1 Table Instruction Operation 

There are 4 'table' instructions as shown in Table 4-9 
which operate with MODE2 addressing modes for 
both operand source and destination. They operate in 
a manner similar to that for data space access except 
that the EA for program space (source or destination) 
| is concatenated with a 8-bit page register, 
TABPAG<7:0> to create a 24-bit address as shown in 
Figure 1-8. All table instructions treat the program 
memory as 16-bit wide, byte addressable (i.e. same as 
data space). Program space EA[24:1] forms the 24-bit 
program memory address and the EA[0] becomes a 
byte select bit. The TBLRDL and TBLWTL instructions 
are dedicated to accessing the LS program word. 

The program word is viewed as a 32-bit entity which 
consists of a 24-bit program word plus an 8-bit 'phan- 
tom' byte (MS-byte). This allows TBLRDH and TBL- 
WTH instructions (which are dedicated to accessing 
the MS program word) to maintain orthogonality with 
TBLRDL and TBLWTL. For TBLRDH and TBLWTH 
instructions, EA[0] remains a byte select bit but physi- 
cal memory is only present in the LS-byte (EA[0J =0). 
A byte read of the MS-byte (EA[0]=1) will return 0x00. 

4.6.1 .1 Table Read Operation 

The program memory is always read as 24-bit long 
words. The LS-bit of the EA is used by the TBLRDL 
and TBLWTL (if required) to select required byte of the 
LS program word. Table 4-9 indicates which instruc- 
tion and data width will access the various parts of the 
program word. 

TBLRDH.w reads a data word from [EA src ]<31:16> 
though [EA src ]<31:24> will equal 0x00. TBLRDH. b 
reads a data byte from [EA src ]<31:24> (always equal 



to 0x00) or [EAs fC ]<16:23> based on the state of 
EA[0]. The data byte is transferred into destination 
EA[7:0]. 

TBLRDL.w reads a data word from [EA src ]<15:0> 
TBLRDL. b reads a data byte from [EAg rc ]<15:0> or 
[EA src ]<7:0> based on the state of EA[0]. The data 
byte is transferred into destination EA[7:0], 

For most applications, it is assumed that only the LS 
word of the program word will be used for data stor- 
age. The MS byte of the program word would then typ- 
ically contain an illegal instruction trap to prevent the 
| machine from ever inadvertently attempting to execute 
data. However, TBLRDH is provided to allow the use 
of all program memory for data storage if desired. 



I 4.6.1.2 Table Writes 

I Refer to the Program Memory DOS-00204 for details 
about table write operation. 



Instruction 


EA[0] 


Program Space 
Data Move Function 


Source 


Destination 


I BLKDH.w 1 


X 


lbAs rc J<31:1S> 


lEA dst J<15.0> 


TBLRDH. b 


0 


[EA src ]<16:23> 


[EA dst ]<7:0> 


TBLRDH.b 1 


1 


[EA src ]<3t.24> 


[EAd S J<7:0> 


TBLRDL.w 


X 


[EA src ]<15:0> 


[EA dst ]<15:0> 


TBLRDL. b 


0 


[EA src ]<7:0> 


[EA dst ]<7:0> 


TBLRDLb 


1 


[EA sr j<15:8> 


[EA dst ]<7:0> 



Note t MS-byte read will return 0x00 

TABLE 4-9: TABLE INSTRUCTION 
SUMMARY 



4.6.2 MODE 2 Addressing for Program 
Space 

M0DE2 determines the addressing mode for the oper- 
and source/destination in program space or the oper- 
and source/destination from data space, depending 
upon instruction requirements. It follows the same def- 
inition for each encoding as MODE1 except that it 
applies to only one operand. The MODE1 signed 5-bit 
constant value mode makes little sense where 
MODE2 is used, and is therefore not supported. 



In summary, MODE2 for program space data 
accesses supports the addressing mode shown in 
Table 4-10. 

MODE2 submode 0 is meaningless for TBLRD source 
and TBLWT destination operands as the program 
memory must be addressed with a pointer. 

The following addressing mode descriptions are for 
table read operations. 



MODE2 
Bit Encoding 


Function 
(Source) 


Function 
(Destination) 


Description 


uuu 


EA = Wsrc 1 


EA = Wdst 1 


Register direct 


001 


EA = [Wsrc] 


EA = [Wdst] 


Register indirect 


010 


EA = [Wsrc]-= 1 


EA = [Wdst]-= 1 


Register indirect post-decremented 


011 


EA = [Wsrc]+= 1 


EA = [Wdst]+= 1 


Register indirect post-incremented 


100 


EA = [Wsrc-=1] 


EA = [Wdst-=1] 


Register indirect pre-decremented 


101 


EA = [Wsrc+=1] 


EA = [Wdst+=1] 


Register indirect p re-incremented 


110 


Unused 


Unused 




111 


Unused 


Unused 





Note 1 ' Not meaningful for TBLRD instructions 
2 Not meaningful for TBLWT instructions 



TABLE 4-10:MODE 2 ADDRESSING MODE DEFINITION (PROGRAM SPACE) 



4.6.2.1 Mode2, Register Direct 

Addressing M0DE2, submode 0 is register direct. The 
implied effective address is the memory mapped 
address of register Wdst. 

The table read result is written to Wdst as shown in 
Figure 4-48. Wdst is accessed through addressing its 
memory mapped image. 

Note that register direct for the operand source of a 
table read, and the operand destination for a table 
write has no meaning. The X AGU would generate an 



EA which would address the memory mapped version 
| of Wsrc or Wdst. When concatenated with the 
TABPAG register, this address will be the same but 
within a program space page. 



Byte Operand Size 



Before 
Execution 



After 
Execution 





15 


0 




OxAA | 0x55 


wnte_data_ lower = true 




i 


write_data_ upper = false 


f 

. t 




O(LSB) Select 


I Mux 





Memory Mapped Address 



OxAA 



0x66 



D[15 8] 

Not Used ^ 



D[7 0] 



D[t5 0] = 0x0066 



Word Operand Size 



Before 
Execution 



After 
Execution 



15 


0 


0x12 


0x34 




; 


i 


i 


D[15.0] = 


0xAA55 



Memory Mapped W 0ST Address 



OxAA I 0x55 



FIGURE 4-48: REGISTER DIRECT, TABLE READ OPERAND DESTINATION (MODE2, SUBMODE 0) 



4.6.2.2 Mode2, Register Indirect Figure 4-50. For table read instructions, 

Addressing MODE2, submode 1 is register indirect. TABPAG<7:0> is concatenated onto the source EA to 

The effective address contained in register Wsrc form the 24-bit program space EA. 
points to the operand as shown in Figure 4-49, or 
Wdst points to the result destination as shown in 



Byte Operand Size 



TAB PAG 0x04 



15 



lEA[23 16] 



W, 



dst 0x1234 



EAI15.0] 



EA[23.1] 



EA[0] 



23 15 7 0 



0x66 OxAA j 0x55 



0x041234 



TBLRDH or TBLRDL 



H Select Mux 



0x00- 



DPS 8] 



D[7 0} 



TBLRDL b (EA[0]=1) D[15.0] = OxOOAA TBLRDL b (EA[0]=0) D[1 5.0] = 0x0055 

TBLRDH b (EA[0]=1) D[15 0] = 0x0000 TBLRDH b <EA[0]=0) D[15.0] = 0x0066 



Word Operand Size 



15 



TAB PAG [~0x04 

0 



v dst 0x1234 



\l EA[23 16] 
EA[15 0] V E A[23 1] 



EA[0] 



23 15 7 0 



0x66 I OxAA t 0x55 



0x041234 



TBLRDH or TBLRDL 



Select Mux 



0x00- 



D[15 8] 



D[7.0] 



TBLRDLw . D[15.0] = 0xAA55 
TBLRDH w : D[1 5.0] = 0x0066 



FIGURE 4-49: REGISTER INDIRECT, TABLE READ OPERAND SOURCE (MODE2, SUBMODE 1) 



Bvte Operand Size 



Before 
Execution 



After 
Execution 



15 



0x1235 



wrrte_data_ tower = false 
wnte_data_ upper = false 
if wnte_cycte 

if EA [0] = 0 
wnte_data_lower = true 

else 

wnte_data_upper = true 



EA[15 1] 



EA[0] 



D[15 8] 
Not Used 



15 




0 






OxAA [ 


0x55 


0x1234 


0x78 I 


0x55 


i 


1 

— -j— 

t 







Select | Max" 



D[7 0] 



D[15 0] = 0x5678 



Word Operand Size 



After 
Execution 




D[15.0] = 0x5678 



FIGURE 4-50: REGISTER INDIRECT, TABLE READ RESULT DESTINATION (MODE2, SUBMODE 1) 



4.6.2.3 Mode2, Register Indirect with 
Post Decrement 

Addressing MODE2, submode 2 is register indirect 
with post decrement. The effective address contained 
in register Wsrc points to the operand, or the effective 
address contained in register Wdst points to the result 
destination. 



Wsrc or Wdst is then post decremented as shown in 
Figure 4-51 and Figure 4-52. 



Byte Operand Size 

0x1234 



15 



0x1235 



0^ | 



TAB PAG 0x04 



V EA[23.16) 
EAI15 0]V* EA[23:1] 



w src = 0x1234 after execution 



EA[0] 



23 15 7 0 

» !■ 0x66 | OxAA [ 0x55" 



0x041234 



TBLRDH or TBLRDL 



Select 



Mux 



OxOO 



D[15.8J 



D[7.0] 



TBLRDL b (EA[0]=1) D[15.0] = OxOOAA 
TBLRDH b (EA[0]=1) D[15 0] = 0x0000 



TBLRDL. b (EA[0]=0) . D[15.0j = 0x0055 
TBLRDH. b (EA[0]=0) D[1 5 0] = 0x0066 



Word Operand Size 



0x1232 



15 



TAB PAG 0x04 



0x1234 



\ EA[23.16] 
EA[15 0j V_ EA[23 1) 



w src = 0x1 232 a fter execution 



EA[0) 



23 



15 



0x66 | OxAA | 0x55 



0x041234 



TBLRDH or TBLRDL 



HSelect Mux 



0x00 



D{15.6] 



D[7 0] 



TBLRDL.w : D[15:0] = 0xAA55 
TBLRDH.w . D[15 0] = 0x0066 



FIGURE 4-51 : REGISTER INDIRECT WITH POST DECREMENT, TABLE READ SOURCE OPERAND 
(MODE2, SUBMODE 2) 



Byte Operand Size 



0x1234 




= 0x1234 after execution 



wnte_data_lower = false 
wnte_data_upper - false 
if wnte_cycle 

if EA [0] = 0 
wnte_data_ lower = true 

else 

wnte_data_ upper = true 



Before 
Execution 



After 
Execution 



EA[15:1] 



EA[0] 



15 



0 



OxAA I 0x55 



0x1234 



0x76 | 0x55 



- Select 



1 2 Mux 



D[15.8] 
Not Used 



D [15.0. 



= 0x5678 



Word Operand Size 



0x1232 



15 u 



After 
Execution 



w dst| 0x1234 



EA(15.1] 



W 0ST = 0x1232 after execution 



EA{0: 

T 

Not Used 



15 



OxAA | 0x55 



0x1234 



0x56 | 0x78 



D 115 0] = 0x5678 



FIGURE 4-52: REGISTER INDIRECT WITH POST DECREMENT, TABLE READ RESULT 
DESTINATION (MODE2, SUBMODE 2) 



4.6.2.4 Mode2, Register Indirect with 
Post Increment 

Addressing M0DE2, submode 3 is register indirect 
with post increment. The effective address contained 
in register Wsrc points to the source operand, or the 
effective address contained in register Wdst points to 
the result destination. 



Wsrc or Wdst are then incremented as shown in 
Figure 4-53 and Figure 4-54. 



Byte Operand Size 

0x1236 



15 



0x1235 




TABPAG 0x04 



\EA[23.16] 
EA[15:0) V EA[23.1j 



W SRC = 0x1236 after execution 



EAfO] 



23 15 



0x66 | OxAA I 0x55 



TBLRDH or TBLRDL 



Select 



0x041234 



Mux 



0x00- 



D[15.8] 



TBLRDLb (EA[0]=1) : D[15.0] = OxOOAA 
TBLRDH b(EA[0]=1) . D[ 15:0] = 0x0000 



D[7.0] 



TBLRDLb (EA[0J=0) ■ D[1 5 0] = 0x0055 
TBLRDH.b (EA[Oj=0) D[15 0] = 0x0066 



Word Operand Size 



0x1236 



15 



W. 



src | 0x1234 | - 



W SRC - 0x1236 atter execution 



TABPAG 

0 A \EA[23 16] 



EA[15:0] 



EA[0] 



EA{23:1] J?! 15 7 C 

^ — 0x66 | OxAA [ 0x55^ 



0x041234 



TBLRDH or TBLRDL 



>H Select Mux 



0x0f> 



D[15:8] 



D[7:0] 



TBLRDLw : D[15 0] = 0xAA55 
TBLRDH w . D[15.0] = 0x0000 



FIGURE 4-53: REGISTER INDIRECT WITH POST INCREMENT, TABLE READ OPERAND SOURCE 
| (MODE2, SUBMODE 3) 



Byte Operand Size 



0x1236 




W DST = 0x1236 after execution 



wnte_dataJower = false 
wnte_data_upper = false 
if write_cycle 

if EA (0] = 0 
wnte_data_ lower = true 

else 

wnte_data_ upper = true 



Before 
Execution 



EA [15 1] 



EA[0] 



15 



OxAA I 0x55 



0x1234 



' Select 



Mux 



D |15.8] 
Not Used 



D[15.0 =0x5678 



After 
Execution 



0x78 I 0x55 



Word Operand Size 



15 



W n5 



0x1236 



0x1234 



At 



1*- 



+2 



W DST = 0x1 236 after execution 



EA [15:1] 



I 

V 



EA[0] 

f 

Not Used 



15 



OxAA | 0x55 



0x1234 



D [15.0] = 0x5678 



After 
Execution 



0x56 I 0x78 



FIGURE 4-54: REGISTER INDIRECT WITH POST INCREMENT, TABLE READ RESULT 
DESTINATION (MODE2, SUBMODE 3) 



4.6.2.5 Mode2, Register Indirect with Pre 
Decrement 

Addressing M0DE2, submode 4 is register indirect 
with pre decrement. 



Byte Operand Size 



Register Wsrc or Wdst is decremented to form the 
effective address which points to the operand as 
shown in Figure 4-57 and Figure 4-58. 



TAB PAG 0x04 



0x1234 



I EA[23.16] 
EA[15.0J V EA[23.1j 



23 15 7 < 

0x66 | OxAA | 0x55 




0x041234 



w src = 0x1234 after execution 



TBLRDLb (EA(0J=1) D[15 0] = OxOOAA 
TBLRDH b (EA[0]=1) . D[15 0] = 0x0000 



TBLRDL b (EA[0]=O) . D(1 5.0] = 0x0055 
TBLRDH.b (EA[0J=0) . D[1 5.0] = 0x0066 



Word Operand Size 



TABPAG 0x04 



0x1234 



1 5 T 

w src | 0x1236 




I EA[23 16] 
EA[15 0] \J EA[23 1] 



W SRr = 0x1234 after execution 



EA{0] 



23 15 7 0 



0x66 I OxAA I 0x55 



TBLRDH or TBLRDL 



0x041234 



Select Mux 



0x00- 



D[15 8] 



D[7.0] 



TBLRDL w : D[15 0] = 0xAA55 
TBLRDH. w D]1 5 0] = 0x0066 



FIGURE 4-55: REGISTER INDIRECT WITH PRE DECREMENT, TABLE READ SOURCE OPERAND 
(MODE2, SUBMODE 4) 



Bvte Operand Size 



0x1235 




0x1234 



w src ~ 0x1235 after execution 



Select | 1 2 Mux 
0x00- 



D[15 8] 


D[7 0] 






1 


r 



D[15 0] - OxOOAA Operand 



Word Operand Size 



0x1236 




0x1236 



w dst = 0x1236 after execution 



D[15 0] = 0xAA55 Operand 



FIGURE 4-56: REGISTER INDIRECT WITH PRE DECREMENT, TABLE READ RESULT 
DESTINATION (MODE2, SUBMODE 4) 



I 4.6.2.6 Mode2, Register Indirect with Pre 
Increment 

| Addressing M0DE2, submode 5 is register indirect 
with pre increment. 



Register Wsrc or Wdst is incremented to form the 
effective address which points to the operand as 
shown in Figure 4-57 and Figure 4-58. 



Byte Operand Size 



TAB PAG 0x04 



0x1234 



\ EA[23.16] 
EA|15 0lV* EA[23 1] 



15 



0x1233 




w src = 0x1236 after execution 



EA [0] 



23 



15 



0x66 | OxAA I 0x55 



0x041234 



TBLRDH or TBLRDL 



-Select Mux 



OxOO 



D[15.8] 



D[7.0] 



TBLRDL b <EA[0]=1 ) D[1 5 0] = OxOOAA 
TBLRDH. b {EA{0]=1) D[15 0] = 0x0000 



TBLRDL b (EA[0]=0) D(15 0] = 0x0055 
TBLRDH. b (EA{0]=0) . D[15 0] = 0x0066 



Word Operand Size 



TAB PAG 0x04 



0x1234 



15 



W, 



src | 0x1 232 




\ EA[23 16] 
EA[150] EA{23 1] 



W SRC = 0x1234 after execution 



EAI0] 



23 15 



0x66 I OxAA I 0x55 



0x041234 



TBLRDH or TBLRDL 



MSelect Mux 



0x00- 



D[15.8] 



D[7 0] 



TBLRDL w . D[15.0] = 0xAA55 
TBLRDH w . D[15 0] = 0x0066 



FIGURE 4-57: REGISTER INDIRECT WITH PRE INCREMENT, TABLE READ SOURCE OPERAND 
| (MODE2, SUBMODE 5) 



Byte Operand Size 




0x1234 



W SRC | 0x1234 



W, Rr = 0x1236 after execution 



Select 
0x00- 



D{15 8] 


D[7 0] 











D[15.0] = OxOOAA . Operand 



Word Operand Size 



0x1236 



EA[15 1] 



15 y 



W DST | 0x1234 




EA [0] 



Not Used 



15 



OxAA I 0x55 



TZZJ 



0x1236 



W DST = 0x1236 after execution 



D[15 0] = 0xAA55 Operand 



FIGURE 4-58: REGISTER INDIRECT WITH PRE INCREMENT, TABLE READ RESULT DESTINATION 
(MODE2, SUBMODE 5) 



APPENDIX C 



FIGURE 0-1 : FLOW DIAGRAM XOR, SUBR, SUBBR, SUBB, SUB, MOV, IOR, AND, ADDC, ADD 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 



0.1 Q2 03 04 
I PC PCt-1 " 



Wd 

WregtWs] 
Wreg [Wo] 
RAM Address 



RAM Data Out 



ALU Input A 
ALU Input B 
ALU Output 



RAM Data In 



^( ADD Wb, [Ws-H-], [Wd]+-T 



g[Ws] 



Wreg[Wd] 



Q1 02 Q3 04 
X PC + 2 " 



ROM [PC] ~)(~ 



X 



X 



- ( Wreg [Ws] ■<-"?) ( 
( RAM 



-C 



Q1 Q2 Q3 04 



xz^ 



ROM [PC + 1] ) (~ 



Wreg [Ws] + 2 



^ ( Wreg(Wd] + 2 



Wreg[WdJ 



[RAM Address] 



Wreg[Wb] 



RAM Data Out 



FIGURE 0-2: FLOW DIAGRAM XORLS, SUBRLS, SUBLS, SUBBRLS, SUBBLS, IORLS, ANDLS, 
ADDLS, ADDCLS 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 



Wd 

ALU Input A 
ALU Input B 
ALU Output 
WregfWd] 



Q1 Q2 Q3 Q4 

PC X p c + i 



PC 



^( ANDLS Wb, ht5, Wd " 



Q1 02 Q3 04 



ROM [PC] Y ~ 



X 



^ bteral 



01 02 Q3 04 



ROM [PC + 1] y ~ 



DC 



Wreg[Wb] 



^ ALU Output 



FIGURE 0-3: FLOW DIAGRAM CLR, INC2, DEC2, DEC COM, NEG, SETM 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_atWr] 
Instruction Prefetch 
Instruction Decode 
Ws 
Wd 
Wreg[Ws] 
Wreg[Wd] 
RAM Address 
RAM Data Out 
ALU Input A 
ALU Output 



Q1 Q2 Q3 04 
| PC )( PC-fl " 



RAM Data In 



^ clr rws++] y ~ 



Wreg [Wd] 



Q1 02 Q3 04 1 Q1 02 Q3 Q4 



A[PC] )( .ROM [PC -t-1] "y 



XI 



DC 



Wreg[Ws] 



~|) ( Wreg [Ws] + 2 " 



Wreg[Wd]+2 



~ ( Wreg[Ws] , )( WregrWs] + 2~ 



RAM [RAM Address] 



-( Rpm Data Out 



-C 



FIGURE 0-4: FLOW DIAGRAM ASR, LSR, ZE, SE, SL, RLC, RLNC, RRC, RRNC 



Program Counter 
ROM_ Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 
Ws 
Wd 

Wreg [Ws] 
Wreg [Wd] ] 
RAM Address } 



RAM Data Out 
ALU Input A 
ALU Output 
RAM Data In 
RAM Read 
RAMWnte 



Ql Q2 Q3 04 
PC )( PC + 1 



PC 



^ ( ZE [Ws-n-I, [Wd]++ 



j Ws 



^ Wd 



Wreg [Ws] 



Wreg[Wd] 



Q1 02 Q3 04 1 Ql 02 03 04 



ROM [PC] ~Y , ROM [PC + 1] ) (~ 



DC 



Wreg[Ws] + 2 



Wreg[Wd]-h2 



-(Wreg [Ws] + i)( yyreg [Wd] 



-C 



RAM [RAM Address] 



Ram Data Out 



[8'bO, A [7 0]} 



ALU Output 



FIGURE 0-5: FLOW DIAGRAM CPB, CP 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 
Wb 



Ws/ht 
Wregrws], 
RAM Address 



RAM Data Out 



ALU Input A 
ALU Input B 
ALU Oulput 
Status Register, 



Q1 02 03 04 
PC V PC + 1 



PC 



^ ( cpwb, rws]++ y 



'C 



Wreg [Ws] 



before CP Wb, [WsJ ++ 



Q1 02 Q3 04 ' Q1 



DC 



J( Ws/lit 



X 



Wreg[Ws]+2 



- (Wreg [Ws] +5) (~ 



-C 



RAM [RAM Address] 



,Wreg[Wb] 



RAM Data Out 



i B - A - Carry Bit 



~)( , before CP Wb, [Ws] -h- 



FIGURE 0-6: FLOW DIAGRAM CP1 , CPO 



Program Counter, 
ROM_ Address, 
Prefetch ROM [ROM_addr]| 
Instruction Prefetch, 



Instruction Decode, 



Wreg[Ws]| 



RAM Address | 



RAM Data Out 



ALU Input A, 
ALU input b] 
ALU Output , 
Status Register, 



Q1 02 Q3 04 



^ cpi twsi-H- y 



Q1 02 Q3 Q4 ' Q1 Q2 03 04 
X PC + 2 | )( PC + 3 



ROM [PC] ~)( |ROM[PC+1]^) (~ 



X 



W[Ws]+2, 



RAM [RAM Address] 



RAM Data Out 



, OXFFFF 



FIGURE 0-7: FLOW DIAGRAM CPLS, CPBLS 



Program Counter, 



ROM_Address, 



Prefetch ROM IR0M_addr] ( 
Instruction Prefetch, 
Instruction Decode 



Wb, 



Iit5 r 
Wreg[Wb], 
ALU input A, 
ALU Input b\ 
ALU Output | 
Status Register 



Q1 0.2 Q3 Q4 



PC X PC4 



Q1 02 Q3 04 



ROM [PC] )(~ 



WregfWb] 



01 Q2 Q3 04 



ROM [PC + 1] y~ 



WregtWb] 



after CP Wb, Iit5 



FIGURE 0-8: FLOW DIAGRAM XORLW, SUBLW, SUBBLW, MOVLW, MOVL, IORLW, ANDLW, 
ADDLW, ADDCLW 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 



Wd 

ALU Input A 
ALU Input B 
ALU Output 
Wreg [Wd] 



Q1 Q2 Q3 04 



PC X PC + 1 



Wreg [}/Vd] 



Q1 02 Q3 Q4 



~) ( PC + 2 



PC + 1 X " 



ROM [PC] )(~ 



ANDLW ShMO. Wn 



l( literal 



{ Wn 



Q1 Q2 Q3 G4 



"\ PC +3 



ROM [PC + 1] Y ~ 



Wreg[Wb] 



^ ( ALU Outpul 



FIGURE 0-9: FLOW DIAGRAM ASRF, SLF, LSRF, RRNCF, RRCF, RLNCF, RLCF, XORWF, 

SUBWF, SUBBWF, SUBFW, SUBBFW, MOVFW, MOV, IORWF, ANDWF, ADDWFC, 
ADDWF 



1 Q1 02 


Q3 Q4 ' Q1 02 


03 04 1 01 Q2 Q3 04 ' 


Program Counter , PC Y 


PC+1 | )( 


PC + 2 | X PC + 3 i 




ROM_Address , PC 


X i pc + 1 


x • re * 2 r 




Prefetch ROM [ROM.addr] , 


X i ROM [PC] 


X ;BOM[PC + 1] x i 




Instruction Prefetch , 


x ; 


X . X^ 




Instruction Decode , 


X AND/ 


X ) 


Ws/Wd | 

RAM Address , 






* o 








*( {3'bOOO,/} 




RAM Data Out, 


: ( 


RAM [[ffbOOO, /}] , 


ALU Input A \ 


: < 


RAM_Data t , 


ALU Input B | 


: ( 


Wreg [0] , , 


ALU Output | 




— — ^ t AopB i 


Wreg [Ws/Wd], 


Wreg ,[01] 


|X ALU Output J 





FIGURE 0-10: FLOW DIAGRAM CPFB, CPF1, CPFO, CPF 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 
RAM Address 



Ws 
Wd 

RAM Data Out 
ALU Input A - 
ALU Input B n 
ALU Output n 
Status Reg 



Q1 02 03 04 

"pc" 



PC 



PC + 1 



< {3-bQ,/} 



before CPB / 



Q1 Q2 Q3 Q4 ' Q1 Q2 Q3 Q4 



DC 



- { RAM [RAM frddress] " 



Ram Data Opt 



- ( Wreg [0] 



-( A - Ef - Cany E 



X 



after CPB/ 



FIGURE 0-11 : FLOW DIAGRAM INCF, DECF, NEGF, SETF, COMF, CLRF 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
instruction Decode 
Wb 



RAM Data Out 



B 

ALU Input A 
ALU Output 
RAM Data In 
Wreg Write 



Q1 Q2 Q3 04 

PC )( PC + 1 



PC 



Wreg [0] 



04 1 Q1 Q2 Q3 Q4 



DC 



X 



X~ 



ROM [PC] "~)( I ROM [PC + 1] y~ 



X~ 



-( RAM [RAM^Address] " 



Ram Data Out 



ALU Output 



FIGURE 0-12: FLOW DIAGRAM CPFSEQ, FPFSGT, CPFSLT, CPFSNE 



Program Counter 
ROM.Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 
Ws 



RAM Address 
Wreg [Ws] 
RAM Data Out 



ALU Input A 
ALU Input B 
ALU Output 



Skip Bit 
RAM Read 
RAM Write 



Q1 Q2 Q3 04 



WworO 



-( [3'bO,/} 



Q1 02 Q3 04 1 Q1 Q2 Q3 Q4 



A [PC] )( , ROM [PC + 1] ) (" 



Wreg [0] 



~( RAlJ [RAM Address] 



-( Rpm Data Out 



Wreg [0] 



FIGURE 0-13: FLOW DIAGRAM INCFSNZ, INCFSZ, DECFSNZ, DECFSZ 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 



RAM Address 



Wreg fWs] 



RAM Data Out 



ALU Input A 
ALU Input B 
ALU Output 
RAM Data In 
Skip Bit 
RAM Read 



Q1 Q2 Q3 Q4 



PC Y PC+1 



^ ( INCSNZ/ 



Q1 Q2 Q3 04 



PC + 2 



ROM [PC] Y ~ 



WOO, ft 



Wreg [0] 



Q1 Q2 03 04 



DC 



ROM [PC -1-1] ) f~ 



[RAM Address) 



Rpm Data Out 



ALU Output 



FIGURE 0-14: FLOW DIAGRAM SWAP 



Program Counter 
ROM_Address 
Prefetch ROM [ROM_addr] 
Instruction Prefetch 
Instruction Decode 



Q1 Q2 Q3 04 
I PC X PC + 1 



B 

ALU Input A 
ALU Output - 
WregfWn] 



ALUtnputA 



Q1 Q2 Q3 04 



rom [pc] ~y ~ 



{ Wn 



• ( Wn 



-( Wreg [Wn] 



-C 



Q1 Q2 Q3 Q4 



ROM [PC + 1] ~y ~ 
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1.0 ARCHITECTURAL 
DESCRIPTION 

The Roadrunner core is a 16-bit (data) modified Har- 
vard architecture with a greatly enhanced 'C18-like' 
instruction set including significant support for DSP. 

1.1 Core Overview 

The core has a 24-bit instruction word, with a variable 
length opcode field. The PC is 24-bits wide (with the 
LS-Dit always clear, see Section 1.3.1), addressing up 
to 8M long words (23-bits). An 'C18-like' instruction 
prefetch mechanism is used to help maintain through- 
put. Deeper levels of pipelining have been intentionally 
avoided to maintain good real-time performance. 
Unconditional overhead free program loop constructs 
are supported using the DO and REPEAT instructions, 
both of which are interruptable at any point. 

The working register array has been extended to 16 x 
16-bit registers, each of which can act as data, 
address or offset registers. One working register 
(W15) operates as a software stack for interrupts and 
calls. 

The data space is 32K words of word or byte address- 
able space which is split into two blocks referred to as 
X and Y data memory. Each block has its own inde- 
pendent Address Generation Unit (AGU). Most 
instructions operate soleiy through the X memory AGU 
which will make it appear as one linear space encom- 
passing all data space. The MAC class of DSP instruc- 
tions will operate through both the X and Y AGUs, 
| splitting the data address space into two parts (see 
Section 1 .2.4). The X and Y data space boundary is 
arbitrary and defined through the address decode of 
each memory array. 

The upper 32K bytes of data space memory can 
optionally be mapped into the lower half (user space) 
of program space at any 16K program word boundary 
defined by the 8-bit Data Space Program PAGe (DSP- 
PAG) register. This lets any instruction to access pro- 
gram space as if it were data space (other than the 
additional access cycle it consumes) plus allows exter- 
nal RAM hooked onto the external program space to 
be mapped into data space, effectively providing an 
external data space bus. 

Overhead free circular buffers (modulo addressing) 
are supported in both X and Y address spaces. They 
are intended to remove the loop overhead for DSP 
| algorithms but X modulo addressing can be univer- 
sally applied using any instructions. 

The X AGU also supports bit reverse addressing to 
greatly simplify input or output data reordering for 
radix-2 FFT algorithms. 



The Instruction Set Architecture (ISA) has been signifi- 
cantly enhanced beyond that of the C18 but maintains 
an acceptable level of backward compatibility. All C18 
instructions and addressing modes are supported 
either directly or through simple macros (see xxxx). 
Many of the ISA enhancements have been driven by 
compiler efficiency needs (see Section 1.1.1). 

The core supports inherent (no operand), relative, lit- 
eral, memory direct and 4 groups of addressing modes 
(MODE1, MODE2, MODE3 and MODE4) for register 
direct and register indirect modes. Each group offers 
| up to 6 addressing modes. Instructions are associated 
with predefined addressing modes depending upon 
their functional requirements. 

For most instructions, the core is capable of executing 
a data (or program data) memory read, a working reg- 
ister (data) read, a data memory write and a program 
(instruction) memory read per instruction cycle. As a 
result, 3 operand instructions can be supported, allow- 
ing A+B=C operations to be executed in a single cycle. 

A DSP engine has been included to significantly 
| enhance the core arithmetic capability and throughput. 
It features a high speed 16-bit by 16-bit multiplier, a 
40-bit ALU, two 40-bit saturating accumulators and a 
40-bit bidirectional barrel shifter. The barrel shifter is 
capable of shifting a 40-bit value up to 15 bits right or 
up to 16-bits left in a single cycle. The DSP instruc- 
tions operate seamlessly with all other instructions and 
have been designed for optimal real-time perfor- 
mance. The MAC class of instructions can concur- 
rently fetch two data operands from memory while 
multiplying two W registers. This requires that the data 
space be split for these instructions and linear for all 
others. This is achieved in a transparent and flexible 
manner through dedicating certain working registers to 
each address space for the MAC class of instructions. 

The core features a vectored exception scheme with 
15 individually prioritized vectors. The exceptions con- 
sist of reset, 7 traps and 8 interrupts. One interrupt 
level may be selected (typically the highest one) to 
execute as a fast (1 cycle entry, 1 cycle exit) interrupt. 
This function is actually an extension of the logic 
required to allow a REPEAT instruction loop to be 
interrupted which can significantly reduce latency in 
some application. 

A block diagram of the core is shown in Figure 1-1 . 

1.1.1 Compiler Driven Enhancements 

In addition to DSP performance requirements, the core 
architecture was strongly influenced by recommenda- 
tions which would lead to a more efficient (code size 
and speed) C compiler. 

1 . For most instructions, the core is capable of exe- 
cuting a data (or program data) memory read, a 
working register (data) read, a data memory 
write and a program (instruction) memory read 



per instruction cycle. As a result, 3 operand 
instructions can be supported, allowing A+B=C 
operations to be executed in a single cycle. 

2. instruction addressing modes are significantly 
more flexible than those of the C18, and are 
matched closely to compiler needs. 

3. The working register array has been extended to 
16 x 16-bit registers, each of which can act as 
data, address or offset registers. One working 
register (W15) operates as a software stack for 
interrupts and calls. 

4. Linear indirect access of all data space is possi- 
ble, plus the memory direct address range has 
been extended to 8Kbytes (256bytes in C18). 
This together with the addition of 16-bit direct 
address LOAD and STORE instructions has 
allowed the C18 data space memory banking 
scheme to be eliminated. 

5. Linear indirect access of 32K word (64K byte) 
pages within program space (user and test 
space) is possible using any working register via 
new table read and write instructions. 

6. Part of data space can be mapped into program 
space, allowing constant data to be accessed as 
if it were in data space. 

1 .1 .2 Instruction Fetch Mechanism 

The core does not support an instruction pipeline. A 
pre-fetching mechanism accesses instruction a cycle 
ahead to maximize available execution time. Most 
instructions execute in a single cycle. Exceptions are: 

1. Flow control instructions and interrupts where 
the ISR (instruction register) and pre-fetch buffer 
must be flushed and refilled. 

2. Instructions where one operand is to be fetched 
from program space (using any method). These 
operations consume 2 cycles (with the notable 
exception of the MAC class of DSP instructions 
executed within a REPEAT loop which executes 
in 1 cycle). 

Most instructions access data as required during 
instruction execution, instructions which utilize the 
multiplier array must have data available at the begin- 
ning of the instruction cycle. Consequently, this data 
must be prefetched, usually by the preceding instruc- 
tion, resulting in a simple out of order data processing 
model. 
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FIGURE 1-1 : ROADRUNNER CPU CORE BLOCK DIAGRAM 



1 .2 Data Address Space 

The core features one program space and two -data 
spaces. The data spaces can be considered either 
separately (for some DSP instructions) or together as 
one linear address range (for MCU instructions). The 
data spaces are accessed using two Address Genera- 
tion Units (AGUs) and separate data paths. 

1.2.1 Data Spaces 

The X AGU is used by all instructions and supports all 
addressing modes. It also supports modulo and bit 
reversed addressing for any instructions subject to 
addressing mode restrictions (see Section 4.2.2). The 
X data path is the return data path for ail single data 
space access instructions. 

The Y AGU and data path are used in concert with the 
X AGU by the MAC class of instructions to provide two 
concurrent data read paths. No writes occur across 
the Y-bus. This class of instructions dedicate two W 
register pointers, W6 and W7, to always operate 
through the Y AGU and address Y data space inde- 
pendently from X data space. Note that during accu- 
mulator write-back, the data address space is 
considered combined X and Y, so the write will occur 
across the X-bus. Consequently, it can be to any 
address irrespective of where the EA is directed. 

The Y AGU only supports MODE4 post modification 
addressing modes (see Section 4.1.4) associated with 
the MAC class of instructions. It also supports modulo 
addressing for automated circular buffers. Of course, 
all other instructions can access the Y data address 
space through the X AGU when it is regarded as part 
of the composite linear space. 
The boundary between the X and Y data spaces is 
arbitrary and is defined by the memory address 
decode only (the CPU has no knowledge of the physi- 
cal location of X or Y memory). The boundary is not 
user programable but may change from variant to van- 
ent. Obviously, to present a linear data space to the 
MCU instructions, the address spaces of X and Y data 
spaces must be contiguous but this is not an architec- 
tural necessity. Note that any memory located 
between 0x8000 and OxFFFF will not be accessible 
when program space visibility is enabled for this 
address space. 
Note: As address space 0x8000 to OxFFFF can 
map to a single memory in program space, it 
must be assigned to either X or Y space (but 
not both since concurrent accesses from the 
same space are not possible). 

All (effective addresses) are 16-bits wide and point to 
bytes within the data space to facilitate backward com- 
patibility with the C18. Consequently, the data space 
address range is 64K bytes or 32K words. 



1.2.2 Data Space Width 

The core data width is 16-bits. All internal registers 

I and data space memory are organized as 16-bits wide 
(some CPU registers are not 16-bits wide - refer to 
Figure 1-33). Data space memory is organized in byte 
addressable, 16-bit wide blocks. Byte addressability 
| requires independent byte write signals for upper and 
lower bytes. 

1 .2.3 Data Alignment 

To help maintain C18 backward compatibility and 
| improve data space memory usage efficiency, the ISA 
supports both word and byte operations. Data is 
aligned in data memory and registers as words, but ail 
data space EAs resolve to bytes. Data byte reads will 
read the complete word which contains the byte, using 
the LS-bit of any EA to detennine which byte to select. 
The selected byte is place onto the LS-byte of the X 
data path (no byte accesses are possible from the Y 
data path as the MAC class of instruction can only 
fetch words). That is, data memory and registers are 
organized as two parallel byte wide entities with 
shared (word) address decode but separate write 
lines. Data byte writes will only write to the corre- 
sponding side of the array or register which matches 
the byte address. For word accesses, the LS-bit of the 
EA is ignored (don't care). 

Note: Byte reads will always read the entire word, 
so mechanisms to dear or set peripheral sta- 
tus bits when read (e.g. quick flag clearing 
| mechanisms) are not allowed. 

As a consequence of this byte accessibility, all effec- 
tive address calculations (including those generated 
by the DSP operations which are restricted to word 
size) must be scaled to step through word aligned 
memory. For example, the core must recognize that 
post modified register indirect addressing mode, 
| [Ws]+=1 , will result in a value of Ws+1 for byte opera- 
tions and Ws+2 for word operations. 

All word accesses must be aligned (to an even 
address). Mis-aligned word data fetches are not sup- 
ported so care must therefore be taken when mixing 
byte and word operations or translating from C18 
code. Should a mis-aligned read or write be 
attempted, an address fault trap will forced. Depend- 
ing upon where the fault occurred in the instruction 
cycle, the Q1/Q2 access (typically a read) and/or the 
Q3/Q4 access (typically a write) for the instruction 
underway will be inhibited, and the PC will not be 
incremented. The trap will then be taken, allowing the 
system and/or user to examine the machine state prior 
to execution of the address fault. 
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FIGURE 1-2: DATA ALIGNMENT 

All byte loads into any W register are loaded into the 

LS-byte. The MS-byte is not modified. 
Note: Byte operations use the 16-bit ALU and can 
produce results in excess of 8-bits. However, 
to maintain C18 backwards compatibility, the 
ALU result from ail byte operations is written 
back as a byte (i.e. MS byte not modified), 
and the status register is updated based only 
upon the state of the LS-byte of the result. 

A sign extend (SE) instruction is provided to allow 
users to translate 8-bit signed data to1 6-bit signed val- 
ues. Alternatively, for 16-bit unsigned data, users can 
clear the MS-byte of any W register though executing 
a CLR.b instruction on the appropriate address. 

Note: Care must be taken when mixing byte and 
word size instructions/operands. 

Although most instructions are capable of operating on 
word or byte data sizes, it should be noted that the 
DSP and some other new instructions operate on 
words only. 

1 .2.4 Data Space Memory Map 

The data space memory is split into two blocks, X and 

Y data space. A key element of this architecture is that 

Y space is a subset of X space, and is fully contained 
within X space. In order to provide an apparent linear 
addressing space, X and Y space would typically have 
contiguous addresses (though this is not an architec- 
tural necessity). 

When executing any instruction other than a MAC 
class one, the X block consists of the entire 64Kbyte 
data address space (including all Y addresses). When 
executing a MAC class of instruction, the X block con- 
sists of the entire 64Kbyte data address space less the 

Y address block for data reads (only). In other words, 
the full address space is available to all instructions 
other than the MAC class. During Q1/Q2 data reads, 
the MAC class of instructions extracts the Y address 
space from data space and addresses it using EA's 
sourced from W6 and W7. The remaining data space 
is referred to as X space but could more accurately be 
described as "X-Y" space, and is concurrently 
addressed using W4 and W5 during the same Q1/Q2 



| data read portion of the cycle. Both "X-Y" and Y 
address spaces are concurrently accessed only by the 
MAC class of instruction. 

Note that it is the register number (and instruction 
class) that determine which address space is 

I accessed for data reads and not the EA. Conse- 
quently, the data space partitioning of Y address space 
is arbitrary. In all cases, should an EA point to unoccu- 
pied space, all zeros will be returned. For example, 
although Y address space is visible by all non-MAC 
class instructions using any addressing mode, an 
attempt by a MAC instruction to fetch data from that 
space using W4 or W5 (X space pointers) will return 
0x0000. 

An example data space memory map is shown in 
Figure 1-3. Note again that the partition between each 
address space is arbitrary and determined by the 
memory decode. Both X and Y address generation 
units (AGUs) can generate any effective address (EA) 
within a 64Kbyte range, however t EAs outwith the 
physical memory provided will return all zeros. 

| An 8Kbyte access space is reserved in X address 
memory space between 0x0000 and 0x1 FFF which is 
directly addressable via a 13-bit absolute address field 
within all memory direct instructions. The remaining X 
address space and ail of the Y address space is 
addressable indirectly. The whole of X data space is 
additionally addressable using LDW and STW instruc- 
tions which support memory direct addressing with a 
16-bit address field. 
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FIGURE 1-3: DATA SPACE MEMORY MAP EXAMPLE 
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FIGURE 1-4: DATA SPACE FOR MCU AND DSP (MAC CLASS) INSTRUCTIONS EXAMPLE 



1 .2.5 Program Space Visibility from Data 
Space 

The upper 32Kbytes of data space may optionally be 
mapped into any 16Kword program space page. This 
provides transparent access of stored constant data 
from X data space without the need to use special 
instructions (i.e. TBLRD, TBLWT instructions). 

Note: Granularity of program space window may 
change, subject to conclusions of code secu- 
rity analysis. 

This feature also allows the user to map the upper half 
of data space into an unused area of program memory 
and thus to the external bus (all unused internal 
addresses will be mapped externally). Through the 
placement of an external RAM at this address, exter- 
nal data space support is also provided. Data read and 
writes must therefore be supported to this address 
space. The effect of data writes to internal program 
space is defined in the Program Memory DOS-00204. 
Note that the external address map is now essentially 
no longer strictly Harvard as program and data mem- 
ory are combined. 
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DATA SPACE WINDOW INTO PROGRAM SPACE OPERATION 

prefetched in the second cycle while the current 
instruction completes execution (i.e. normal operation) 
as shown in Figure 1-6. 



| FIGURE 1-5: 

Program space access through the data space occurs 
if the MS-bit of the data space EA is set and program 
space visibility is enabled by setting the PSV bit in the 
CORe CONtrol register, CORCON. Most of the COR- 
CON function relate to DSP operation so it is dis- 
cussed in Section 2.0, DSP Engine. 

Note: Depending upon FLASH setup & access 
| time, the instruction may need to be at least 

partially pre-decoded during Q4 of the prior 
instruction. Evenso, this will remain a critical 
path, as the source EA cannot be evaluated 
until the data write completes in the prior 
instruction. 

Data accesses to this area will add an addition cycle to 
the instruction being executed since two program 
memory fetches will be required. The data is fetched in 
the first cycle, which, other than for some instruction 
I decode, is essentially a NOP. The next instruction is 
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FIGURE 1-6: PS DATA READ THROUGH DS 

Furthermore, instructions executing from internal pro- 
gram memory but accessing external data memory 
RAM will sustain additional delay due to wait state 
insertion. Read-modify-write operations will sustain 
twice the delay. 

Note: The External Bus Interface (EBI) definition is 
not complete at this time, however, it is 
expected that the device will be required to 
insert an even number of Q clocks into the 
instruction cycle between Q2 and Q3, and 
between 04 and Q1 (of the next cycle) for 
external data space accesses. 

Although not an architectural necessity, a typical data 
space configuration would define Y data space to be 
outside this re-mappable area, making the visible pro- 
gram space map to X data space. Y data space will 
typically contain state (variable) data for DSP opera- 
tions, and must therefore be RAM. X data space will 
typically contain coeffiecient (constant) data which 
could be NVM or initialized RAM. 

Although each transparent data space address will 
map directly into a program address (see Figure 1-8), 
only the lower 16-bits of the 24-bit program word are 
used to contain the data. The upper 8-btts should be 
programmed to force an illegal instruction or software 
trap to maintain machine robustness. 

For external accesses, data space would only require 
a 16-bit data path, with the trap instruction being auto- 
matically concatenated onto any 16-bit data reads. 

The data space address is mapped into program 
memory as shown Figure i-8. Note that, by increment- 
| ing the PC by 2 for each program memory word, the 
LS 14 bits (15 bits for the TBLRD, TBLWT instructions) 



of data and program space addresses directly trans- 
late. The remaining bits are provided by the Data 
Space Program PAGe register, DSPPAG<7:0> as 
shown in Figure 1-8. 

1.2.5.1 Data Pre-Fetch from Program 
Space within a REPEAT loop 

When prefetching data resident in program space via 
the data space window from within a REPEAT loop, all 
iterations of the repeated instruction will reload the 
instruction from the Instruction Latch without re-fetch- 
ing it, thereby releasing the program bus for a data 
prefetch as shown in Figure 1-7. In this example, the 
| initial 2 data words for the first iteration of the instruc- 
tion to be repeated (MACA) are fetched by a CLRACA 
instruction. As one of the words resides in program 
space, an additional cycle is required. The initial fetch 
of the MACA instruction is performed by the REPEAT 
instruction. 

It is important to note that only the MAC class of 
instructions, which operate with prefetched data, will 
| operate in this manner. All other instructions (e.g. 
MOV) which require data to be read by the end of Q2 
will require the additional cycle in order to complete 
the data read prior to execution of the instruction dur- 
ing the second cycle. 




FIGURE 1-7: PS DATA READ THROUGH DS WITHIN A REPEAT LOOP EXAMPLE 
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FIGURE 1-8: DATA ACCESS FROM PROGRAM SPACE ADDRESS GENERATION 



1 .3 Program Address Space 

The program address space is 8M long words. It is 
addressable by a 24-bit value from either the PC, table 
instruction EA or data space EA when program space 
is mapped into data space as defined by Table 1-1. 
Note that the program space address is incremented 
by two between successive program words in order to 
provide compatibility with data space addressing. Con- 
sequently, the LS-bit of the program space address is 
always 0, resulting in 23-bits (8M) of address. Program 
space data accesses use the LS-bit of the program 
space address as a byte select (same as data space). 



Note: Memory mapped or stacked PC must include 
the zero LS-bit. 

The address space is split into two 4M long word 
spaces, one for user space the other for test and vec- 
tor memory space as shown in Figure 1-10. When in 
user mode, program space access is restricted to the 
lower 4M long word space, 0x000000 to 0x7FFFFE for 
all accesses other than TBLRD/TBLWT which use 
TABPAG[7J to determine user or test space access. 
Exception vectors also reside in test space. While in 
user mode, the PC is inhibited from 'rolling over' into 
test space (i.e. PC[23] is always clear). 
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TABLE 1-1 : PROGRAM SPACE ADDRESS CONSTRUCTION 

The program memory width is 24-bits (long word). To An instruction fetch example is shown in Figure 1-9. 

support data storage and FLASH programming, the Note that incrementing PC[23:1] by one is equivalent 

array must support both word wide access from bits 0- to adding 2 to PC[23:0]. 

15 and byte wide access from bits 16-23. 



Note: Increment of PC<24:1> is equivalent to PC<24:0>+2 
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| FIGURE 1-9: INSTRUCTION FETCH EXAMPLE 



User Program Space 



OOOOOOh 



7FFFFFh 
800000h 



FFFFFFh 




OOOOOOh 


Reset 


00OO02h 


Ext. Osc. Fail Trap 


000004h 


Stack Overflow Trap 


O00006h 


Address Error Trap 


000OO8h 


Illegal Opcode Trap 


OOOOOAh 


Arithmetic Warn Trap 


OOOOOCh 


Software Trap 1 


OOOOOEh 


Software Trap 2 


0OOO1 Oh 


Priority interrupt 7 


00001 2h 


Priority interrupt 6 


00001 4h 


Priority interrupt 5 


00001 6h 


Priority interrupt 4 


00001 8h 


Priority interrupt 3 


00001 Ah 


Priority interrupt 2 


00001 Ch 


Priority interrupt 1 


00001 Eh 


Priority interrupt 0 


000020h 





7FFFFFh 



User Program Space 



FIGURE 1-10: PROGRAM SPACE MEMORY MAP 

1 .3.1 Program Space Alignment and Data 
Access using Table Instructions 

This architecture (internally) fetches 24-bit wide pro- 
gram memory. Consequently, instructions are always 
aligned. However, as the architecture is modified Har- 
vard, data can also be present in program space. 



There are two methods by which program space can 
be accessed - via special TABLE instructions or 
through the remapping of a 16Kword program space 
page into the upper half of data space (see 
Section 1.2.5). The TBLRDL and TBLvVTL instructions 
offers a direct method of reading or writing the LS 
word of any address within program space without 



going through data space which is preferable for some 
applications. The~TBLRDH and TBLWTH instructions 
are the only method whereby the upper 8-bits of a pro- 
gram word can be accessed as data. 
Figure 1-8 shows how the EA is created for table oper- 
ations. 

1.3.1.1 Table instructions 

A set of TABLE instructions are provided to move byte 
or word sized data to and from program space. The 
instructions are orthogonal eventhough the MS byte 
will always read zeros. See dsPIC Instruction Set DOS 
for more details. 

1 . TBLRDL: Table read low 

Word: Read the LS word of the program address 
P[15:0]mapsto D[15:0] 

Byte: Read one of the LS bytes of the program 
address 

P[7:0] maps to D[7:0] when byte select=0; 
P[15:8] maps to D[7:0] when byte select=1 

2. TBLWRL: Table write low 

See Program Memory DOS-00204 

3. TBLRDH: Table read high 

Word: Read the MS word of the program 
address 

P[23:16] maps to D[7:0]; D[15:8] always = 0 
Byte: Read one of the MS bytes of the program 



address 

P[23:16J maps to D[7:0] when byte select=0; 
D[7:0] will always = 0 when byte select=1 
4. TBLWRH: Table write high 

See Program Memory DOS-00204 

Where: 

P = program space long word 

D = data space word 

Program space writes (for FLASH programming) have 
to be performed in a specific order as described in the 
Program Memory DOS-00204. 

The PC is incremented by two for each successive 24- 
bit program word. This allows program memory 
addresses to directly map to data space addresses as 
shown in Figure 1-11, Program memory can thus be 
regarded as two 16-bit word wide address spaces 
residing side by side, each with the same address 
range. TBLRDL and TBLWTL access the space which 
generates the LS data word, and TBLRDH and TBL- 
WTH access the space which generates the MS data 
byte. As program memory is only 24-bits wide, the 
upper byte from this latter space does not exist, 
though it is addressable. It is therefore termed the 
'phantom' byte. 
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FIGURE 1-11: PROGRAM DATA TABLE ACCESS 

For all the table instructions, the calculated EA (using 
MODE2 addressing modes) is concatenated with the 
8-bit data table page register, TABPAG<7:0>, to form a 
23-bit effective programs space address plus a byte 
select for program memory as shown in Figure 1-8. As 
there are 15-bits of program space address from the 
calculated EA, the data table page size in program 
memory is therefore 32K words. 
The LS-bit of the calculated EA becomes the byte 
select and is used by TBLRDL and TBLWRL (see Pro- 
gram Memory DOS-00204) to select which byte is 



(LSWORD) 

accessed. The TBLRDL and TBLWRL instructions 
therefore view program space as byte or aligned word 
addressable, 16-bit wide, 64K byte pages (i.e. same 
as data space). EA[0] is ignored for word wide 
accesses. 

The TBLRDH and TBLWRH instructions are used to 
access the high order byte of the program address. 
These instructions also support word or byte access 
for orthogonality but the high order byte of the program 
address can only be read from the LS byte as shown 
in Figure 1-12. The MS-byte of a TBLRDH word read 



will always be clear. These instructions therefore also 
view program space as byte or aligned word address- 
able, 16-bit wide, 64K byte pages (i.e. same as data 
space) as shown in Figure 1-12. 
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FIGURE 1-12: PROGRAM DATA TABLE ACCESS 

It is assumed that for most applications that the high 
byte (P[23:16J) will not be used for data, making the 
program memory appear 16-bits wide for data storage. 
It is intended that the high byte contain a illegal 
opcode trap to protect the device from accidental exe- 
cution of stored data. The TBLRDH and TBLWRH 
instructions are primarily provided for array program/ 
verification purposes and for those applications who 
wish to compress data storage. 



(MS BYTE) 

1 .3.2 HEX Data File Compatibility 

The program space data access described above can 
be made compatible with HEX format data files by 
regarding the program memory as 32-bits wide. Insert- 
ing the 'phantom* byte as shown in Figure 1-13 allows 
the HEX format byte address to be directly used as the 
TBLWTLw and TBLWTH(.b) EA after a single bit right 
shift. 
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FIGURE 1-13: HEX FILE COMPATIBILITY 



1.3.3 External Bus Support 

it is expected that some versions of Roadrunner 
devices will require an external program memory bus 
| for access to program and/or data stored in external 
FLASH memories. In addition, external data memory 



can be supported as described in Section 1.2.5. 

As discussed in Section 1.3.3, program space is 24- 
bits wide which will require either a mix of external 
FLASH devices to provide ail 24-bits in one bus cycle, 
or several cycles to fetch the 24-bit word in either 8-bit 



or 16-bit sections^The External Bus interface (EBI) 
module will attempt to provide the user maximum flexi- 
bility in this area. 

Data access is potentially somewhat simpler as the 
fundamental data size is 16-btts. To permit single (bus) 
cycle, 16-bit wide external memory access, the EBI 
may optionally be configured to read from a 16-bit 
external bus and then automatically concatenate an 8- 
bit trap field prior to passing the 24-bit pword to the 
CPU. A 16-bit external data bus can therefore be pro- 
vided for data storage without compromising device 
robustness. The unused portion of the external bus 
data path can also revert back to I/O. 



1 .4 Clocking Scheme 

Each instruction cycle (Tcy) is comprised of four Q 
cycles (Q1-Q4). These Q clock are derived using sim- 
ple logic (i.e. there is no requirement to make them 
non-overlapping) within the core (and each peripheral 
module) from global QA and QB quadrature clocks. 
The quadrature clocks are generated by the PLL mod- 
ule. Maintaining minimal skew between QA and Q6 
across the device will be a critical factor in attaining 
the target performance. The four phase Q cycles pro- 
vide the timing/designation for the Decode, Read, Pro- 
cess Data, Write etc., of each instruction cycle. 
Figure 1-14 shows the relationship of the Q cycles to 
the instruction cycle for both MCU and DSP instruc- 
tions. The four Q cycles that make up an execution 
instruction cycle (Tcy) can be generalized as: 

Q1: Instruction Decode Cycle or forced NOP and 
source EA calculation 

Q2: Source Data Read Cycle or NOP 

Q3: Process the Data and destination EA calcula- 
tion 

Q4: Destination Data Write Cycle or NOP 

Each instruction will show the detailed Q cycle opera- 
tion for the instruction. 

Note: Although most instructions follow the 
scheme above, some issue two reads, oth- 
ers two writes per cycle. See dsPIC Instruc- 
tion Set DOS for details. 

From a Q cycle perspective, the DSP instructions dif- 
fer from in MCU instruction in so much as the DSP 
instruction can perform two simultaneous source data 
reads during the Q1/Q2 access from X and Y data 
space. 
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FIGURE 1-14: BASIC CORE TIMING 

1.4.1 Instruction Cycle Timing 

Internally, the program address iatch is updated at the 
start of every Q1 , and the instruction is fetched from 
the program memory and latched into the ROMLATCH 
using Q4. The PC is actually adjusted (incremented or 
loaded) during 04 of the previous cycle but not trans- 
ferred into the program address latch until the next 
instruction has started. 

The instruction is decoded and executed during the 
| following Q1 through 04. The instruction is decoded 
during Q1, though some pre-decode of register and 
addressing mode bit fields during the prior Q4 may be 
necessary to speed up execution. 

Note: Care must be taken with any pre-decoding of 
the instruction to avoid issues (e.g. having to 
add extra cycles) during interrupt or call 
returns. 

There are two, independent data space accesses to 
(possibly) two different addresses during each instruc- 
tion cycle. During Q1 the (remainder) of the instruction 
decode is performed and the source operand EA is 
calculated. During Q2, the source operand data is 
fetched from memory or peripherals. The ALU per- 
forms the computation during Q3 at the same time as 



the destination EA is also calculated in one of the 
AGUs. During Q4 the results are written to the destina- 
tion location. 

The clocks and instruction execution flow are shown in 
Figure 1-15. 

The data space buses are addressed twice during 
each cycle with a read (two reads for the DSP instruc- 
tions) followed by a write. 



The program space bus is addressed once during 
each cycle. Note that, due to the longer FLASH 
access time (around 3 versus 1 Qclk for RAM/regis- 
ters), program space data reads (table instructions 
<>*~ Vwill present data to the execution unit in Q4. Con- 
sequently, these instructions are all 2 cycle operations. 



FIGURE 1-15: CLOCK/INSTRUCTION CYCLE 



OSC2/CLKOUT 
(RC mode) 




1.5 Instruction Flow/Pipelining 

An "Instruction Cycle" consists of four Q cycles (Q1, 
Q2, Q3, and 04). The instruction fetch and execute 
are pipelined such that fetch takes one instruction 
cycle while decode and execute takes another instruc- 
tion cycle. However, due to this prefetch mechanism, 
each instruction effectively executes in one cycle. 

1 .5.1 Instruction Flow Types 

There are 5 types of instruction flows. 

1. Normal 1 word 1 cycle pipelined instruction. 
These instructions will take one effective cycle 
to execute as shown in Figure 1-16. 

2. One word 2 cycle pipeline flush instruction. 
These instructions include the relative 
branches, relative call, skips and returns. When 
an instruction changes the PC (other than to 
increment it), the pipelined fetch is discarded. 
This makes the instruction take two effective 
cycles to execute as shown in Figure 1-17. 

3. Table operation instructions. These instructions 
will suspend the fetching to insert a read or write 
cycle to the program memory. The instruction 



fetched while executing the table operation is 
saved for 1 cycle and executed in the cycle 
immediately after the table operation as shown 
in Figure 1-18. 

4. Two word instructions for CALL and GOTO, In 
these instructions, the fetch after the instruction 
contains the remainder of the jump or call desti- 
nation addresses. Normally, these instructions 
would require 3 cycles to execute, 2 for fetching 
the 2 instruction words and 1 for the subsequent 

| pipeline flush. However, by providing a high 
speed path on the second fetch, the PC can be 
updated with the complete value in the first cycle 
of instruction execution, resulting in a 2 cycle 
instruction as shown in Figure 1-19. 

| 5. Two word instructions for DO and DOW. In these 
instructions, the fetch after the instruction con- 
tains an address offset. This address offset is 
added to the first instruction address to generate 
the last loop instruction address. 
6. Interrupt recognition execution. Instruction 
cycles during interrupts are shown the interrupts 
section. 



FIGURE 1-16: INSTRUCTION PIPELINE FLOW - 1 WORD 1 CYCLE 
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. FIGURE 1.-17: INSTRUCTION PIPELINE FLOW - 1 WORD 2 CYCLE 
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FIGURE 1-18: INSTRUCTION PIPELINE FLOW - 1 WORD 2 CYCLE TABLE OPERATIONS 
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FIGURE 1-19: INSTRUCTION PIPELINE FLOW - 2 WORD 2 CYCLE GOTO, CALL 
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FIGURE 1-20: INSTRUCTION PIPELINE FLOW - 2 WORD 2 CYCLE DO, DOW 
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1 .5.2 Program Flow Loop Control 

The dsPIC core supports both REPEAT and DO 
instruction constructs to provide unconditional auto- 
malic program loop control. 

1 .5.2.1 REPEAT Loop Construct 

The REPEAT instruction will cause the instruction 
immediately following to be repeated a fixed number of 
times as defined by an 14-bit literal encoded in the 
instruction. The REPEATW instruction will cause the 
instruction immediately following it to be repeated a 
fixed number of times as defined by the contents of a 
W register declared within the instruction, enabling the 
loop count to be a variable. The loop count is held in 



the 16-bit RCOUNT register (which is memory 
mapped) and is thus user accessible. It is initialized by 
the REPEAT[W] instruction during Q2. 
The instruction to be repeated is prefetched during the 
REPEATfW] instruction and held in the ROMLATCH. It 
is not fetched again for all subsequent iterations, and 
the Instruction Register is loaded from the locked 
ROMLATCH. 

For a loop count value equal 1, REPEAT[W] has the 
effect of a NOP (other than RCOUNT being loaded 
with 1). The RA (Repeat Active) status bit in the SR is 
not set during execution of REPEAT[W] and the PC is 
incremented as would normally be the case during Q4 
of an instruction. The repeat loop is essentially dis- 



abled before it begins, allowing the next instruction to 
execute only once while pre-fetching the subsequent 
instruction (i.e. normal execution flow). 

For loop count values greater than 1, the PC is not 
incremented as would normally be the case during Q4 
of an instruction (and will therefore continue to point to 
the instruction to be repeated). Further PC increments 
are inhibited until the loop ends. The RA (Repeat 
Active) status bit in the SR is also set during execution 



of REPEATrWJ. See Figure 1-21 for a functional flow 
diagram of the REPEATfWJ operation, and Figure 1-22 
for an instruction pipeline example of a REPEAT[W] 

loop. 

Note: RA is a read only bit within the SR and can- 
not be modified through software. 
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| FIGURE 1-21: REPEAT[W] LOOP FUNCTIONAL FLOW 

I The RCOUNT register is decremented then tested 
during each instruction iteration. It will equal two at the 
beginning of the penultimate instruction. The subse- 
| quent decrement will make RCOUNT=1, signifying the 
end of the repeat loop, which causes the RA bit in the 
SR to be cleared. In addition, the PC increment inhibit 
| is released and the PC bumps in Q4 of this instruction 
to point to the instruction after the repeated instruction. 
The last instruction to be repeated is then executed as 



a normal instruction (i.e. includes an instruction 
prefetch & PC bump). Testing for the end of loop dur- 
ing the penultimate instruction is required to allow a 
normal instruction prefetch to occur during the last iter- 
ation (i.e. no delays due to 'end of loop' tests). 

A consequence of executing the last instruction out- 
side the repeat loop is that the loop will effectively iter- 
ate [loop count +1] times (i.e. a loop count of 0 is not 



possible). Choosing the loop termination count value 
to equal one enables the loop count and number of 
iteration to match for all but RCOUNT equal to zero. 



Note: For a loop count value of 0, REPEAT will iter- 
ate the next instruction 16384 times and 
REPEATW will iterate the next instruction 
65536 times 

The combined instruction flow diagram for 
REPEAT[W] and DO[W] is shown in Figure 1-28.. 
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FIGURE 1-22: REPEAT[W] INSTRUCTION PIPELINE FLOW 



1 .5.2.2 REPEAT Loop Interrupt and 
Nesting 

A REPEAT instruction loop may be interrupted at any 
time. As is the case for all instructions, the PC update 
is arranged such that it will not be incremented during 
the instruction when an exception is acknowledged. 
For a repeated instruction, the PC update is already 
inhibited (by the RA bit) which ensures that, upon 
return, the RETFIE instruction will correctly prefetch 
said instruction (i.e. the stacked PC will point to the 
instruction to be repeated). 

Exception processing proceeds as normal, except for 
a fast interrupt acknowledgment where the contents of 
the Instruction Latch are transferred into a temp regis- 
ter (IR Temp). This occurs irrespective of the state of 
the RA bit and is not related to the REPEAT operation. 
Standard exception processing completes and the ISR 
is executed as normal in either case. 

Note that, in order to interrupt a REPEAT in progress, 
the LS-byte of the SR (SRL, which includes the RA bit) 
is stacked during exception processing. This pre- 
serves the state of the RA bit prior to interruption. The 
RA bit in the SR is then cleared, also during exception 
processing. In addition, the RCOUNT register has a 



shadow register associated with it which is loaded dur- 
ing exception processing (any exception, not just for a 
fast interrupt). This, in conjunction with the preserva- 
tion of the RA bit (SRL stacked), permits another 
REPEAT instruction to be executed within the initial 
interrupt service routine (i.e. any ISR provided inter- 
rupt nesting is not enabled). 

Should interrupt nesting be enabled, subsequent inter- 
rupts must stack the RCOUNT register before another 
REPEAT loop may be executed from within the ISR. If 

I RCOUNT is stacked, the RA preservation feature will 
also operate for all subsequent nested interrupts. Note 
that RCOUNT must be restored prior to returning from 
the ISR. The RA bit is restored automatically during 
interrupt return processing. Also note that for nested 
interrupts, the most efficient method to handling 
REPEAT instructions within ISRs will be to always 
stack RCOUNT. 

Interrupt return operates as normal and requires no 
special handling for returning into a REPEAT[W] loop. 

| Normal interrupts will prefetch the repeated instruction 
during the second cycle of the RETFIE. Return from a 
fast interrupt will reload the Instruction Latch from the 
IR Temp register and execute the next repeat iteration 

| during the second cycle (see Section 5.3.3). The 



stacked RPMX wHI be restored when the SRL register 
is pooped and, if set the -interrupted REPEAT loop will 
^be resumed. 

Note: Clearing the RA bit in the stacked SR from 
within an ISR is a method to force an inter- 
rupted loop to terminate (subject to one more 
iteration) after the interrupt returns. RA is not 
software modifiable within the SR. 

1.5.2.3 DO Loop Construct 

The DO & DOW instructions will execute instructions 
following the DO[W] until an end address is reached at 
which time instruction execution will start again at the 
instruction immediately following the DO[W]. This will 
be repeated a finite number of times as defined by 
either an 14-bit literal encoded in the 1st word of the 
instruction (for DO) or by the contents of a W register 
declared within the instruction (for DOW), enabling the 
loop count to be a variable. The instruction execution 
order need not be sequential, nor does the loop end 
address have to be greater than the start address. 

Referring to Figure 1-24, the DO[W] instruction loads 
the loop count value into the loop count register 
(DCOUNT) during Q2. Note that, as it is required that 
a REPEAT[W1 instruction be executable from within a 
DO loop, the DCOUNT and RCOUNT registers must 



be independent. The associated decrementer can be 
shared however, the last instruction of a DO[W] loop 
cannot be: 

1 . a REPEATfW] instruction or 

2. the instruction within a r^p^at loop. 

See Section 1.5.2.6 for details. 

Note: Ideally, these circumstances should be 
detected & flagged by the assembler. 

The loop start address (PC) is stored in the DOSTART 
register during 02 of the second cycle. The two cycle 
DO[WJ instruction then calculates the end address by 
executing a 23-bit signed addition of the current 
PC[23:1] (which points to the first loop instruction) and 
a signed 16-bit literal offset encoded within the 2nd 
word of the DO[W] instruction. This is executed using 
the MCU ALU during Q1 and Q3 of the 2nd cycle. The 
loop end address is stored in the DOEND register dur- 
ing Q4. The DOEND and DOSTART registers are 
closely coupled with the PC as shown in Figure 1-23. 
The DA bit within the SR is also set during DO, forcing 
all subsequent instruction cycles to execute a PC 
address compare during Q1. This comparison must 
occur for every cycle (i.e. not just once for a 2 cycle 
instruction). 

Note: DO is not required to execute from test mem- 
ory space. The DOSTART, DOEND registers 
are therefore restricted to 22-bits each with 
an additional MS bit always = 0. 
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FIGURE 1-23: TOP LEVEL BLOCK DIAGRAM OF DO LOOP HARDWARE OPERATION 
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FIGURE 1-24: DO LOOP ENTRY TIMING 

The DO[W] literal address offset is such that the end 
address is calculated to be the last instruction within 
the loop. This will cause a valid PC address compare 
during the Q1 compare operation of the penultimate 
instruction (i.e. during the prefetch of the last instruc- 
tion). This will then enable the loop counter to be dec- 
remented and tested, and the result combined with the 
address compare during Q3 of the same instruction. 

If the loop counter after decrement does not equal t 
(as shown in Figure 1-25), the PC is loaded with the 
loop start address during 04 (such that the last 
instruction will prefetch the first loop instruction, initiat- 
ing another loop pass). The loop penultimate instruc- 
tion does not have to be the one immediately 
preceding the last loop instruction. It can be a branch 
or GOTO instruction which targets the last instruction 
as shown in Figure 1-26 (for a branch). 

If the loop counter after decrement equals 1 (as shown 
in Figure 1-27), then the DA bit in the SR is cleared 
and the PC is incremented as normal during Q4 (such 
that the last instruction will prefetch the instruction fol- 
lowing it and exit the loop). 

The DO loop is equivalent to the 'C* construct DO- 
WHILE which implies that the loop will be executed at 
least once. Choosing the loop termination count value 
to equal one enables the loop count and number of 
iteration to match for alt DCOUNT values except zero. 



For a DCOUNT loop count value of 0, DO will iterate 
the loop 16384 times and REPEATW will iterate the 
loop 65536 times 

Note: The loop end comparison is an equality test 
only. The loop end address must be pre- 
fetched in order for the end of loop condition 
to be recognized. That is, exiting the loop to 
a PC value greater than the end address (or 
less than the start address) will not cause the 
loop count to change. 

The combined instruction flow diagram for 
REPEAT[W] and DO[W] is shown in Figure 1-28. 
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FIGURE 1-25: DO LOOP CONTINUATION TIMING 

1.5.2.4 DO Loop Nesting 

The DOSTART DOEND and DCOUNT loop registers 
have a shadow register associated with them which 
permit a single level of nesting. In addition, as the 
DOSTART, DOEND and DCOUNT registers are user 
accessible, they may be manually saved to permit 
additional nesting. However, it should be noted that 
the overhead associated with manually saving these 
registers outweighs the benefits of additional DO loop 
nesting with the possible exception of a DO loop within 
an interrupt (see Section 1.5.2.5). 

When a DO is executed, the DOSTART, DOEND and 
DCOUNT registers are transferred into the shadow 
registers prior to being updated with the new loop val- 
ues. The DA bit is also shadowed prior to being set 
during DO execution. These operations occur for ail 
DO instruction executions, whether nested or not. 
Similarly, during all loop exits, the shadow contents of 
the DOSTART, DOEND and DCOUNT registers and 
the DA bit are transferred back into their respective 
host registers. 

1.5.2.5 DO Loops and Interrupts 

A DO[W] loop may be interrupted at any time without 
penalty. 



Note that, in order to suspend an interrupted DO loop 
during execution of an ISR, the LS-byte of the SR 
(SRL, which includes the DA bit) is stacked then 
cleared (in the SR) during exception processing. 
Although this is not essential because the DO loop 
end address is unlikely to be encountered during the 
ISR, it is consistent with REPEAT operation. If a back- 
ground DO loop was active (stacked DA bit set), the 
DOSTART, DOEND and DCOUNT registers must then 
be stacked before another DO loop may be executed 
from within the ISR. This applies to any interrupt class. 
These register must be restored prior to returning from 
the ISR. 

Note: Prior to executing a DO within an interrupt 
requires stacking and restoring 5 words of 
data. This overhead may mean DO is not the 
most efficient means for loop control within 
an ISR. 

Interrupt return operates as normal and requires no 
special handling for returning into a DO[W] loop. The 
stacked DA bit will be restored into the SRL register 
and, if set, the interrupted DO loop will resume. 

Note: Clearing the DA bit in the stacked SR from 
within an ISR is a method to force an inter- 
rupted loop to terminate early after the inter- 
rupt returns. The loop will complete the 
iteration underway and then terminate. If the 



interrupt occurs during the penultimate or 
last instruction of the loop, one more iteration 
of the loop will occur. DA is not software mod- 
ifiable within the SR. 
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FIGURE 1-26: DO CONTINUE TIMING WITH BRANCH TO LAST INSTRUCTION 
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FIGURE 1-27: DO LOOP EXIT TIMING 
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FIGURE 1-28: DO AND REPEAT FLOW DIAGRAM 

1 .5.2.6 DO and REPEAT Restrictions 

Any instruction can follow a REPEAT except for: 

1. Flow control (any branch, compare and skip, 
GOTO, CALL, CALLW, RCALL, RETURN or 
RETLW) 

2. Another REPEAT or DO 

As it is not especially useful to execute any of these 
| instructions within a repeat loop, the restrictions on 
this instruction are minimal. 

REPEAT is interruptible and can be then be nested 
from within an initial (first unnested) ISR. if interrupt 
nesting is enabled, REPEAT can be nested from within 
any ISR but only after the user stacks the appropriate 
registers manually (all REPEAT control registers are 
user accessible). 



All DO loops must contain at least 2 instructions 
because the loop termination tests are performed in 
the penultimate instruction. REPEAT should be used 
for single instruction loops. All other restrictions with 
regard to the DO loop revolve around the last instruc- 
tion. With the notable exception of CALLW. the last 
instruction should not be: 

1. Flow control (any branch, compare and skip, 
GOTO, RCALL) 

2. Another REPEAT or DO 

3. Instruction within a repeat loop 

4. Any 2 word instruction 

If at all possible, the assembler should be capable of 
flagging these instructions if placed at the end of a DO 
loop. 



I The (one word) GALLW will function correctly at the 
end of a DO loop because the stacked PC will address 
| the start of loop instruction (to fetch upon return). 

PC relative instructions (e.g. RCALL, branches) won't 
work correctly at the end of a ioop because the PC cal- 
culation will be performed using the current PC value 
which will be the loop start address. That is, the 
assembler psuedo-PC and the real PC do not match at 
this point. 

Should execution of a REPEAT[W] instruction as the 
last loop instruction be attempted, the DO[W] loop 
counter will take priority and the REPEAT target 
instruction will never be executed before the DO[W] 
loop jumps to the loop start. Should the last loop 
instruction be the instruction being repeated within a 
REPEAT loop, the DO[W] loop counter will also take 
priority and the REPEAT target instruction will onfy 
execute once with no change to RCOUNT before the 
DO[W] loop jumps to the loop start. 

Two word instructions will fail if placed at the end of a 
DO loop because the PC is adjusted in the penulti- 
mate instruction in order to accommodate the instruc- 
tion prefetch (without a dead cycle). Consequently, the 
second word of a two word instruction would therefore 
be incorrectly fetched from the loop start address. 

RETURN and RETLW will work correctly when the last 
instruction of a DO loop but the user must be responsi- 
ble for returning into the ioop to complete it. 



1 .6 Programmer Model 

The programmers model is shown in Figure 1-33 and 
consists of 16 x 16-bit working registers, 2 x 40-bit 
accumulators, status register, data table page register, 
data space program page register, DO and REPEAT 
registers, and program counter. The working registers 
can act as data, address or offset registers. Aff regis- 
ters are memory mapped (see xxxx). 

Most of these registers have a shadow register associ- 
ated with them as shown in Figure 1-33. The shadow 
register is used as a temporary holding register and 
can transfer its contents to or from its host register 
upon some event occurring. None of the shadow reg- 
isters are accessible directly. The following rules apply 
to register transfer into and out of shadows. 

• Fast Interrupts entry & exit 

WO to W 14 shadows transferred 
PC shadow transferred 
TABPAG & DSPPAG shadows 
transferred 

RCOUNT shadow transferred 
SR[6;0J shadow bits transferred 

• Normal Interrupt Entry 

RCOUNT shadow transferred 
SR[6] shadow bit transferred 

• Nested DO 

DOSTART, DOEND, DCOUNT shadows 
loaded 

Byte instructions which target the working register 
array only effect the least significant byte of the target 
register. However, a consequence of memory mapped 
working registers is that both the least and most signif- 
icant bytes can be manipulated through byte wide data 
memory space accesses. 

1 .6.1 Uninitilized W Register Trap 

The W register array (except W15) is not effected by a 
reset and therefore must be considered uninitialized 
until a written to. An attempt to read an uninitialized 
register for an address access will generate an 
address error trap (fetch of an uninitialized address). 
In this situation, the user will most likely choose to 
reset the application, though recovery may be possible 
through an examination of the problematic instruction 
(via the stacked return address). 

This function is achieved through the addition of a sin- 
gle latch to each W register (WO through W14). The 
latch is cleared by reset and set by the first write to the 
associated register, as shown in Figure 1-29. When 
the latch is clear, a read of the corresponding register 
to either AGU will force an address error trap. W15 is 
initialized during reset (see Section 1.6.3) and conse- 
quently does not require this feature. 
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Default W Register Selection 

The default W register for all file register instructions is 
defined by the WD[3:0J field in the CORCON (CORE 
CONtrol register). This field is reset to 0x0000, corre- 
sponding to register W0. As most of the CORCON 
function relates to DSP operation, it is discussed in 
Section 2.0, DSP Engine. 

1 .6.3 Software Stack Pointer 

W15 has been dedicated as the software stack 
pointer, and will be automatically modified by excep- 
tion processing and subroutine calls and returns. How- 
ever, W15 can be referenced by any instruction in the 
same manner as all other W registers. This simplifies 
reading, writing and manipulating the stack pointer 
(e.g. creating stack frames). 

Note: In order to protect against misaligned stack 
accesses, W15[0] is always clear. 

W15 is initialized to 0x0200 during a reset This will 
point to valid RAM in all derivatives and will guarantee 
stack availability for non-maskable trap exceptions or 
priority level 7 interrupts which may occur before the 
SP is set to where the user desires it. The user may 
reprogram the SP during initialization to any location 
within data space, 

W14 has been dedicated as a stack frame pointer as 
defined by the LNK and ULNK instructions. However, 
W14 can be referenced by any instruction in the same 
manner as all other W registers. 

The stack pointer always points to the first available 
free word and fills working from lower towards higher 
addresses. It pre-decrements for stack pops (reads) 
and post increments for stack pushs (writes) as shown 
in Figure 1-32. Note that for a PC push during any 
CALL instruction, the MS-byte of the PC is zero 



extended before the push, ensuring that the MS-byte 
is always clear. The stack timing is shown in Figure 1* 
31. 

Note: A PC push during exception processing will 
concatenate the SRL register to the MS-byte 
of the PC prior to the push. 

1 .6.4 Stack Pointer Overflow Trap 

There is a stack limit register (SPLIM) associated with 
the stack pointer that is uninitialized at reset. 
SPLIM[15:1] is a 15-bit register. As is the case for the 
stack pointer, SPLIM[0] is forced to 0 because all stack 
operations must be word aligned. 

The stack overflow check will not be enabled until a 
word write to SPLIM occurs after which time it can only 
be disabled by a reset. Ail EA's generated using W15 



as Wsrc or Wdst (but not Wb) are compared against 
the value in SPLIM. Should the EA be greater than the 
contents of SPLIM, then a stack error Hap is gener- 
ated. This comparison is a subtraction, so the trap will 
«->ccur for any SP greater than SPLIM. In addition, 
should the SP EA calculation wrap over the end of 
data space (OxFFFF), AGU X will generate a carry sig- 
nal which will also cause a stack error trap (if the 
SPLIM register has been initialized). 

1 .6.5 Stack Pointer Underflow Trap 

The stack is initialized to 0x0200 during reset. A sim- 
ple stack underflow mechanism is provided which will 
initiate a stack error trap should the stack pointer 
address ever be less than 0x0200. 
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| FIGURE 1-30: STACK POINTER OVERFLOW & UNDERFLOW TRAP BLOCK DIAGRAM 



1.6.6 Status Register 

The dsPIC core has a 16-bit status register (SR), the 
LS-byte of which is referred to as the lower status reg- 
ister (SRL). A detailed description is shown in 
Register 1-1. 

SRL contains all the MCU ALU operation status flags 
(including the new 'sticky T (SZ) bit) plus the REPEAT 
and DO loop active status bits. During exception pro- 
cessing, SRL is concatenated with the MS-byte of the 
PC to form a complete word value which is then 
stacked. 



The upper byte of the SR contains the DSP Adder/ 
Subtracter status bits. 

All SR bits are read/write except for the DA and RA 
bits which are read only because accidentally setting 
them could cause erroneous operation (include inhibit- 
ing PC increments). When the memory mapped SR is 
the destination address for an operation which affects 
the any of the SR bits, data writes are disabled to all 
bits. 



REGISTER 1-1; SR, CPU STATUS REGISTER (OXXXXX) 



Upper Half: 
R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


U 


U 


OA 


OB 


SA 


SB 


OAB 


SAB 






bit 15 














bit 8 



Lower Half: 

R-0 


R-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


R/W-0 


DA 


RA 


SZ 


N 


OV 


z 


DC 


C 


bit 7 














bitO 



bit 15 OA: Accumulator A Overflow Status 
i = Accumulator A overflowed 

0 = Accumulator A not overflowed 

bit 14 OB: Accumulator B Overflow Status 

1 = Accumulator B overflowed 

0 = Accumulator B not overflowed 

bit 13 SA: Accumulator A Saturation 'Sticky' Status 

1 = Accumulator A is saturated or has been saturated at some time 

0 = Accumulator A is not saturated 

bit 12 SB: Accumulator B Saturation 'Sticky' Status 

1 = Accumulator B is saturated or has been saturated at some time 

0 = Accumulator B is not saturated 

bit 11 OAB: OA || OB Combined Accumulator Overflow Status 

1 = Accumulators A or B have overflowed 

0 = Neither Accumulators A or B have overflowed 

bit 10 SAB: SA || SB Combined Accumulator 'Stick/ Status 

1 = Accumulators A or B are saturated or have been saturated at some time in the past 

0 = Neither Accumulator A or B are saturated 

bit 9-8 Unused 

bit 7 DA: DO Loop Active 

1 = DO loop in progress 

0 = DO loop not in progress 

bit 6 RA: REPEAT Loop Active 

1 = REPEAT loop in progress 

0 = REPEAT loop not in progress 

bit 5 SZ: MCU ALU 'sticky* Zero bit 

1 = An operation which effects the Z bit has set it at some time in the past 

o = The most recent operation which effects the Z bit has cleared it (i.e. a non-zero result) 
bit 4 N: MCU ALU Negative bit 
bit 3 OV: MCU ALU Overflow bit 
bit 2 Z: MCU ALU Zero bit 
bit 1 DC: MCU ALU Half Carry/Borrow bit 
bit 0 C: MCU ALU Carry/Borrow bit 



Legend 






R = Readable bit 


W = Writable bit 


U = Unimplemented bit, read as '0' 


-n = Value at POR 


1 = bit is set 


0 = bit is cleared x = bit is unknown 
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1.7 Exceptions and Stack 

The core supports a prioritized interrupt and trap 
exception scheme. There are up to 8 levels of interrupt 
priority, each of which has an interrupt sector associ- 
ated with it. Each interrupt source is user programma- 
ble with regard to what priority (and therefore vector 
address) it uses. The highest priority interrupt is non- 
maskable. 

The are 7 traps available to improve operational 
robustness, all of which are non-maskable. They 
adhere to a predefined priority scheme. 

Stacking associated with exceptions and subroutine 
calls is executed on a software stack. Register W15 is 
| dedicated as the stack pointer and has the LSB = 0. 

Refer to Section 5.0 for more complete details of the 
exception structure. 
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Assembly Syntax 
Mnemonic,Ope rands 
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TABLE 1 -3: ROADRUNNER STATUS FLAG OPERATIONS 



PLA 

Mnemonic 


Status 
Affected 


C 


DC 


N 


ov 


sz 


Z 


OA 


OB 


SA 


SB 


Move Operations 


EXCH 


None 






















LDDW 


None 






















LDQW 


None 






















LDW 


None 






















MOV 


None 






















MOVF 


N.Z 






0 






0 










MOVL 


None 






















MOVLW 


None 






















MOVWF 


None 






















STOW 


None 






















STQW 


None 






















STW 


None 






















Table Operations 


TBLRDH 


None 






















TBLRDL 


None 






















TBLWTH 


None 






















TBLWTL 


None 






















Math Operations • W Registers 


ADD 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 






0 




ADDC 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










AND 


N,SZ,Z 






0 




0 


0 










IOR 


N,SZ,Z 






0 




0 


0 










SUB 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SUBB 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SUBR 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SUBBR 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


& 


0 










XOR 


N,SZ,Z 






0 




0 


0 










Math Operations - Short Literals (literal 0..31) 


ADDLS 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










ADDCLS 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










ANDLS 


N.SZ.Z 






0 




0 


0 










IORLS 


N,SZ,Z 






0 




0 


0 










SUBLS 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SUBBLS 


C,DC,N,OV,SZ,Z 


0 




0 


0 


0 


0 










SUBRLS 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SUBBRLS 


C,DC,N,OV,SZ,Z 


0 




0 


0 


0 


0 










XORLS 


N,SZ,Z 






0 




0 


0 










Math Operations ■ W Registers Single Operand 


CLR 


z 












1 










COM 


N,SZ,Z 






0 




0 


0 










DEC 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










DEC2 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










INC 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










INC2 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










NEG 


C,DC,N,OV,SZ,Z 


0 


0 


0 


0 


0 


0 










SETM 


None 























TABLE 1 -3: ROADRUNNER STATUS FLAG OPERATIONS (CONTINUED) 



PLA 

Mnemonic 


Status 
Affected 


C 


DC 


N 


ov 


sz 


z 


OA 


OB 


SA 


SB 


Math Operations - File Registers 


nUUWr 


O, U\s , [M, \J V , OZ., £_ 


v> 


V 


V 


V 


V 












ADDWFC 


C,DC,N,OV,SZ,Z 


a 




















ANDWF 


N,SZ,Z 






















IORWF 


N,SZ,Z 






















SUBFW 


C,DC,N,OV,SZ,Z 


0 


a 


$ 
















SUBBFW 


C,DC 1 N,OV,SZ,Z 


$ 




















SUBWF 


C.DC.N.OV.SZ.Z 




« 


$ 




it 












SUBBWF 


C.DC.N.OV.SZ.Z 












0 










XORWF 


N,SZ,Z 






0 
















Math Operations - File Registers Sinj 


j!e Operand 


CLRF 


z 












1 










COMF 


N,SZ,Z 






















DECF 


C.DC.N.OV.SZ.Z 


0 






$ 




$ 










INCF 


C,DC,N,OV,SZ,Z 






$ 
















NEGF 


C,DC,N,OV,SZ,Z 




$ 






0 












SETF 


None 






















Math Operations - Literals (literal -512..511) 


ADDLW 


C,DC,N,OV,SZ,Z 




0 






0 












ADDCLW 


C.DC.N.OV.SZ.Z 


ct 


0 


0 
















ANDLW 


N.SZ.Z 










$ 


$ 










IORLW 


N,SZ,Z 






















SUBLW 


C.DC.N.OV.SZ.Z 




0 






0 












SUBBLW 


C.DC.N.OV.SZ.Z 












$ 










XORLW 


N.Z 






















Math Operations - Multip]y,Adjust 


DAW 


C 


$ 




















DIV 


None 






















MULS 


None 






















MULSU 


None 






















MULSULS 


None 






















MULU 


None 






















MULULS 


None 






















MULUS 


None 






















MULWF 


None 






















SE 


C,N,Z 










0 












ZE 


None 






















SWAP 


None 























TABLE 1-3: ROADRUNNER STATUS FLAG OPERATIONS (CONTINUED) 





PLA 
Mnemonic 


Status 
Affected 


c 


DC 


N 


ov 


sz 


z 


OA 


OB 


SA 


SB 




Rotate/Shift Operations • W Registers 


I 


ASR 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 










I 


LSR 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 










I 


RLC 


C,N,SZ,Z 


ft 




ft 




ft 


ft 










I 


RLNC 


N,SZ,Z 






ft 




ft 


ft 










I 


RRC 


C,N,SZ,Z 


ft 




ft 




ft 


ft 










I 


RRNC 


N,SZ,Z 






ft 




ft 


ft 










I 


SL 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 












Rotate/Shift Operations - File Registers 


1 


ASRF 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 










1 


LSRF 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 










1 


RLCF 


C.N.SZ.Z 


ft 




ft 




ft 


ft 










1 


RLNCF 


N.SZ.Z 






ft 




ft 


ft 










1 


RRCF 


C,N,SZ,Z 


ft 




ft 




ft 


ft 










1 


RRNCF 


N.SZ.Z 






ft 




ft 


ft 










1 


SLF 


C,N,OV,SZ,Z 


ft 




ft 


ft 


ft 


ft 












Barrel Shift Operations - W Registers (shift range -16..15) 


O 1 


ASRW 


C,SZ,Z 


ft 








ft 


ft 










o i 


LSRW 


C,SZ,Z 


ft 








ft 


ft 












MSLW 


C,SZ,Z 


ft 








ft 


ft 










--_ \ 


MSRW 


c,sz,z 


ft 








ft 


ft 










ri 


SLW 


c,sz,z 


ft 








ft 


ft 












Barrel Shift Operations • Short Literals (shift range -16.. 15) 


tR l 


ASRK 


C,S1Z 


ft 








ft 


ft 










SJ 1 


LSRK 


c,sz,z 


ft 








ft 


ft 












MSLK 


c,sz,z 


ft 








ft 


ft 












MSRK 


c,sz,z 


ft 








ft 


ft 












SLK 


c,sz,z 


ft 








ft 


ft 











TABLE 1 -3: ROADRUNNER STATUS FLAG OPERATIONS (CONTINUED) 



PLA 

Mnemonic 


Status 
Affected 


C 


DC 


N 


OV 


SZ 


z 


OA 


OB 


SA 


SB 


DSP OPERATIONS - Accumulator Ops 








ADDAB 


OA,OB,SA,SB 














# 








ADDAC 


OA.OB.SA.SB 
















0 


# 




LAC 


None 






















NEGAB 


OA,OB,SA,SB 




















V 


SAC 


None 






















SFTAC 


OA,OB,SA,SB 


















0 




SFTACK 


OA,OB,SA,SB 














$ 




$ 




SRAC 


None 






















SUBAB 


OA,OB,SA,SB 














$ 




0 


ft 


DSP OPER^ 


mONS - MAC Ods 




CLRAC 


OA.OB.SA.SB 














$ 








ED 


OA.OB.SA.SB 














$ 






St 


EDAC 


OA,OB,SA,SB 














$ 


$ 


$ 


St 
<> 


MAC 


OA f OB,SA,SB 
















0 




St 


MOVSAC 


None 






















MPY 


OA,OB,SA,SB 
















0 


0 


0 


MPYN 


OA,OB,SA,SB 














$ 


0 






MSC 


OA,OB ( SA,SB 
















$ 




$ 


SQR 


OA,OB,SA,SB 
















$ 




0 


SQRAC 


OA,OB,SA,SB 


















0 


0 



TABLE 1 -3: ROADRUNNER STATUS FLAG OPERATIONS (CONTINUED) 



PLA 

Mnemonic 


Status 
Affected 


C 


DC 


N 


ov 


sz 


z 


OA 


OB 


SA 


SB 


BIT OPERAT 

BCLR 


IONS - W Registers 

Mone 






















BSET 
BSW 


Mone 
None 






















BTG 
□ lot 


None 
3orZ 












ft 












BTSTS 


CorZ 












ft 




— 


— 


— 


BTSTW 


CorZ 












ft 




— 


— 


— 


BIT OPERAT 


IONS - File Reaisters 








BCLRF 


None 






















BSETF 


None 






















BTGF 
BTSTF 


None 
Z 












ft 










BTSTS F 


Z 












ft 










BIT FIND OP 


►ERATIONS 








FRPI 
rD^L 


SZ,Z 










ft 


ft 







— 


— 


FBCR 


sz,z 










ft 


ft 




— 


— 


— 


FFOL 


sz,z 










ft 


ft 










FFOR 


sz.z 










ft 


ft 




— 


— 


— 


FF1L 


sz.z 










ft 


ft 










FF1R 


sz,z 










ft 


ft 










Skip OPER/ 

BTSC 


MONS - W Registers 

None 






















BTSS 

Skip OPERj 


None 

VTIONS - File Registers 






















BTFSC 


None 






















BTFSS 
Inc/Dec Ski 


None 

p OPERATIONS - File Rec 


isters 




















DECFSNZ 


None 






















DECFSZ 
INCFSNZ 


None 
None 






















INCFSZ 


None 






















Compare 0 


perations - W Reaisters 








CPO 


CDC.N.OV.SZ.Z 


ft 


0 


0 


ft 


ft 


ft 











CP1 


C,DC 1 N,OV,SZ,Z 


ft 


ft 


ft 


ft 


ft 


ft 










CP 


C.DC.N.OV.SZ.Z 


ft 


ft 


ft 


ft 


ft 


ft 










CPB 


C,DC,N,OV,SZ,Z 


0 


ft 


0 


ft 


■0- 


ft 










Compare 0 


PERATIONS - Short Liter 


als (literal 0...31) 








CPLS 


C,DC,N,OV,SZ,Z 


ft 


ft 


ft 


ft 


ft 


ft 










CPBLS 


C f DC,N,OV,SZ.Z 


ft 


ft 


ft 


ft 


■0- 


ft 










Compare 0 


►PERATIONS - File Regist 


ers 








CPFO 


C,DC,N,OV,SZ,Z 


0 


0 


ft 


$ 


ft 


ft 










CPF1 


C,DC,N,OV,SZ,Z 


0 


ft 


0 


0 


ft 


ft 






_ 




CPF 


C.DC.N.OV.SZ.Z 


ft 


ft 


ft 




ft 


ft 







— 


— 


CPFB 


C,DC,N,OV,SZ ( Z 


0 


ft 


0 


ft 


ft 


ft 










Compare S 


Mn OPERATIONS - File Reaisters 








CPFSEQ 


None 






















CPFSGT 


None 






















CPFSLT 


None 






















CPFSNE 


None 























TABLE 1-3: ROADRUNNER STATUS FLAG OPERATIONS (CONTINUED) 



PLA 
Mnemonic 


Status 
Affected 


C 


DC 


N 


OV 


sz 


z 


OA 


OB 


SA 


SB 


Branch Operations 


BC 


None 






















BGE 


None 






















BGT 


None 






















BGTU 


None 






















BLE 


None 






















BLEU 


None 






















BLT 


None 






















BN 


None 






















BNC 


None 






















BNN 


None 






















BNOV 


None 






















BNZ 


None 






















BOA 


None 






















BOB 


None 






















BOV 


None 






















BRA 


None 






















BSA 


None 






















BSB 


None 






















BZ 


None 






















Jump / Call / Return Operations 


BRAW 


None 






















CALL 
CALLW 


None 
None 










































GOTO 


None 






















GOTOW 


None 






















RCALL 


None 






















RCALLW 


None 






















RETFIE 


INTLV 






















RETLW 


None 






















RETURN 


None 






















TRAP 


None 






















Looping Operations 


DO 


None 






















DOW 


None 






















REPEAT 


None 






















REPEATW 


None 






















Stack Operations 


ITCH 


All 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


ft 


LNK 


None 






















POP 


None 






















PUSH 


None 






















SCRATCH 


None 






















ULNK 


None 






















Control Operations 


CLRWDT 


TO.PD 






















DISI 


None 






















HALT 


None 






















NOP 


None 






















NOPR 


None 






















RESET 


None 






















SLEEP 


TO.PD 























TABLE 1-4: ROADRUNNER OPCODE FIELD DESCRIPTIONS 



Field 


Description 


A 


Accumulator selection bit: 0=ACCA; 1=ACCB 


B 


Byte mode selection bit: 0=word operation; 1=byte operation 


D 


Destination address bit: 0=result stored in Wd; 1=result stored in file register 


S 


Push or Pop shadows: 0=no shadows; 1=use shadows 


z 


Bit test destination: 0=C flag bit; 1=Z flag bit 


dddd 


Wd destination register select: 0000=W0; 1111=W15 


ssss 


Ws source register select: 0000=W0; 1111=W15 


wwww 


Wb base register select: 0000=W0; 1111 =W1 5 


ppp 


Addressing mode for Ws source register (See Table 1-5) 


qqq 


Addressing mode forWd destination register (See Table 1-6) 


ggg 


Literal offset addressing mode for Ws source register (See Table 1 -7) 


hhh 


Literal offset addressing mode for Wd destination register (See Table 1-8) 


XX 


Pre-fetch X Destination (See Table 1-10) 


yy 


Pre-fetch Y Destination (See Table 1-13) 


iiii 


Pre-fetch X Operation (See Table 1-9) 


j j j j 


p r e-fetch Y Operation (See Table 1-12) 


mmm 


Multiplier source select (See Table 1-11) 


aa 


Accumulator write back mode (See Table 1-14) 


rrrr 


Barrel shift count 


bbb 


3-bit bit position select: 000=LSB; 111=MSB 


bbbb 


4-bit bit position select: 0000=LSB; 1111 =MSB 


f ffff ffff ffff 


13-bit reqisterfiie address (0x0000 to 0x1 FFF) 


ffff ffff ffff ffff 


16-bit register file address (0x0000 to OxFFFF) 


k kkkk 


5-bit literal field, constant data or label 


kkkk kkkk 


8-bit literal field, constant data or label 


kk kkkk kkkk 


10-bit literal field, constant data or label 


kk kkkk kkkk kkkk 


14-bit literal field, constant data or label 


kkkk kkkk kkkk kkkk 


16-bit literal field, constant data or label 


n 


1-bit vector select for trap instructions 


nnnn nnnn nnnn nnnn 


16-bit program offset field for relative branch/call instructions 


nnnn nnnn nnnn nnnO 
nnn nnnn 


23-bit program address for goto/call instructions 


xxxx xxxx xxxx xxxx 


16-bit unused field (don't care) 



TABLE 1-5: ADDRESSING MODES FOR Ws SOURCE REGISTER (ADDRESS MODE 1) 



ppp 


Addressing Mode 


Source 
Operand 


Instruction 
Operation* 3 * 


Effective Address 


000 


Register Direct 


Ws 


Wd = Ws op Wb 


EAs = W register number 


001 


Indirect 


[Ws] 


Wd = [Ws] op Wb 


EAs = Ws 


010 


Indirect with post-decrement 


[Ws]- 


Wd = [Ws]-- op Wb 


EAs = Ws; 

Ws <- (Ws - 1) {1) 

- or - 

Ws <- (Ws - 2)< 2 > 


on 


indirect with post-increment 


[Ws]++ 


Wd = [Ws]++ op Wb 


EAs = Ws; 

Ws <- (Ws+1) (1) 

- or - 

Ws <- (Ws + 2)< 2) 


100 


Indirect with pre-decrement 


[Ws-] 


Wd = [Ws--] op Wb 


Ws<-(Ws- 1) (1) ; 
- or - 

Ws <- (Ws - 2)< 2) ; 
EAs = Ws 


101 


Indirect with pre-increment 


[Ws++] 


Wd = [Ws++] op Wb 


Ws<-(Ws + 1) (1) ; 
- or - 

Ws <- (Ws + 2)< 2) ; 
EAs = Ws 


Ilk 


fSDecifies Slit5 Source for Short Literal Instructions) 


Note 1 : For byte operations, add or subtract 1 . 
2: For word operations, add or subtract 2. 
3: Wd assumed to be in register direct mode (qqq=000). 


TAR1 F 1-fi- ADDRESSING MODES FOR Wd DESTINATION REGISTER (ADDRESS MODE 2) 


qqq 


Addressing Mode 


Destination 
Operand 


Instruction 
Operation* 3 * 


Effective Address 


000 


Register Direct 


Wd 


Wd = Ws op Wb 


EAd = W register number 


001 


Indirect 


[Wd] 


[Wd] = Ws op Wb 


EAd = Wd 


010 


Indirect with post-decrement 


[Wd]-- 


[Wd]-- = Ws op Wb 


EAd = Wd; 
Wd<-(Wd-1) {1) 
- or - 

Wd <- (Wd - 2)< 2) 


011 


Indirect with post-increment 


[Wd]++ 


[Wd]++ = Ws op Wb 


EAd = Wd; 

Wd <- (Wd + 1)< 1) 

- or - 

Wd <- (Wd + 2) (2) 


100 


Indirect with pre-decrement 


[Wd-] 


[Wd~] = Ws op Wb 


Wd<-(Wd- 1)< 1) ; 
- or - 

Wd <- (Wd - 2)< 2 >; 
EAd = Wd 


101 


Indirect with pre-increment 


[Wd++] 


[Wd++] = Ws op Wb 

■ 


Wd<-(Wd+ 1) (1) ; 
- or - 

Wd <- (Wd + 2)< 2) ; 
EAd = Wd 


llx 


(Unused) - — 



Note 1 : For byte operations, add or subtract 1 . 



2: For word operations, add or subtract 2. 
3: Ws assumed to be in register direct mode (ppp-000). 



TABLE 1-7: OFFSET ADDRESSING MODES FOR Wso SOURCE REGISTER (MODE 3) 



ggg 


Addressing Mode 


Source Operand 


Effective Address 


000 


Register Direct 


Wns 


EA = W register number 


001 


Indirect 


[Wns] 


EA = Wns 


010 


Indirect with post-decrement 


[Wns]~ 


EA = Wns; 

Wns <- (Wns-1)< 1) 

- or - 

Wns <- (Wns - 2)& 


011 


Indirect with post-increment 


[Wns]++ 


EA = Wns; 
Wns<-(Wns + 1) (1 > 
- or - 

wns <- (Wns + dp 1 


100 


indirect with pre-decrement 


[Wns-] 


Wns <- (Wns-1) (1) ; 
-or- 

Wns <- (Wns - 2) K *\ 
EA = Wns 


101 


Indirect with register offset 


[Wns+Wb] 


EA = Wns + Wb< 3) 


llg 


Indirect with positive offset by short literal 
SlitS € (-16...15) 


[Wns+Slit5] 


EA = (Wns + gwwww)^ 
- or - 

EA = (Wns + 2*gwwww)< 5 ) 


Note 1 : For byte operations, add or subtract 1 . 
2: For word operations, add or subtract 2. 
3: For byte and word operations, add 2 5 s compliment Wb. 
4: For byte operations, add or subtract gwwww. 
5: For word operations, add or subtract (2 * gwwww) or gwwwwO. 



TABLE 1 -8: OFFSET ADDRESSING MODES FOR Wdo DESTINATION REGISTER (MODE 3) 



hhh 


Addressing Mode 


Source Operand 


Effective Address 


000 


Register Direct 


Wnd 


EA = W register number 


001 


Indirect 


[Wnd] 


EA = Wnd 


010 


Indirect with post-decrement 


[Wnd]-- 


EA = Wnd; 

Wnd <- (Wnd-1)< 1 > 

- or - 

Wnd <- (Wnd - 2)< 2 > 


011 


Indirect with post-increment 


[Wnd]++ 


EA = Wnd; 

Wnd <- (Wnd + 1) (1) 

- or - 

Wnd <- (Wnd + 2) (2) 


100 


Indirect with pre-decrement 


[Wnd-] 


Wnd <- (Wnd-1)™; 
- or - 

Wnd <- (Wnd - 2)< 2) ; 
EA = Wnd 


101 


Indirect with register offset 


[Wnd+Wb] 


EA = Wnd + Wb (3) 


llh 


Indirect with positive offset by short literal 
Slit5 e (-16... 15) 


[Wnd+Slit5] 


EA = (Wnd + hwwww)^ 
- or - 

EA = (Wnd + 2*hwwww) (5 ) 


Note 1 : For byte operations, add or subtract 1 . 
2: For word operations, add or subtract 2. 
3: For byte and word operations, add 2's compliment Wb. 
4: For byte operations, add or subtract hwwww. 
5- For word operations, add or subtract (2 * hwwww) or hwwwwO. 



TABLE 1-9: 


X DATA SPACE PREFETCH 
OPERATION 


TABLE 1-12: 


Y DATA SPACE PREFETCH 
UrtnAI IUIM 


iiii 


Operation 




« • ■ • 

3333 


Operation 


0000 


Wxp=[W4] 




nnnn 
uuuu 


wyp=jwoj 


0001 


Wxp=[W4], W4 = W4 + 2 




UUUl 


wyp=|Wo], wo = wo + 


0010 


Wxp=[W4], W4 = W4 + 4 




UUIU 


Wyp— LvVuj, WO - WO t 4 


0011 


Wxp4W4], W4 = W4 + 6 






wyp— lwoj, wo — wo t o 


0100 


No Prefetch for X Data Space 




m fin 


No rreTetcn Tor t uaxa opaoe 


0101 


Wxp=[W4], W4 = W4 - 6 




m A1 
UiUl 


vvyp^Lwoj, wo = wo - o 


0110 


Wxp=[W4], W4 = W4 - 4 




fM 1 n 


wyp=[Wbj, wo = wo - h 


0111 


Wxp=[W4], W4 = W4 - 2 




ni 1 1 


wyp=|vvoj, wo — wo - c. 


1000 


Wxp=[W5] 




iUUU 


\M\tr\ r\A/71 

wyp=[W / j 


1001 


Wxp=[W5], W5 = W5 + 2 




1 nm 


wyp=Lw/j, vv / — vv / + c. 


1010 


Wxp=[W5] ( W5 = W5 + 4 




1A1A 

1U1U 


\A/wn IAA/71 \A/"7 — \A/7 _i_ A 

wyp=i_w /j, yy / — w / + h 


1011 


Wxp=[W5], W5 = W5 + 6 




1011 


Wyp=[W / j, w / = vv / +o 


1100 


Wxp=[W5+W8] 




1100 


wyp=[w / +woj 


1101 


Wxp=[W5], W5 = W5-6 




1101 


Wyp=[W7], W7 = W7 - 6 


1110 


Wxp=[W5], W5 = W5 - 4 




1110 


Wyp=[W7], W7 = W7 - 4 


1111 


Wxp=[W5] t W5 - W5 - 2 




1111 


Wyp=[W7], W7 = W7 - 2 


TABLE 1-10: 


X DATA SPACE PREFETCH 
DESTINATION 


TABLE 1-13: 


Y DATA SPACE PREFETCH 

nCCTIM ATIOKI 

Deo 1 IN A 1 IUN 


XX 


Wxp 




yy 


wyp 


00 


WO 




00 


wu 


01 


W1 




01 


W1 


10 


W2 




10 


W2 


11 


W3 




11 


W3 


TABLE 1-11: 


MAC OR MPY SOURCE 
OPERANDS 


TABLE 1-14: 


MAC ACCUMULATOR WRITE 
BACK SELECTIONS 



mmm 


Multiplicands 


000 


W0* W1 


001 


W0* W2 


010 


W0* W3 


011 


Invalid (CLRAC instruction) 


100 


W1 *W2 


101 


W1 *W3 


110 


W2* W3 


111 


Invalid (MOVS instruction) 



aa 

00~ 



01 



10_ 

11 



Multiplicands 



W9 = Other Accumulator (direct) 



[W9]++ = Other Accumulator 

(indirect, post-increment) 



No write back 



Invalid (MPYxxx instruction) 



